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1C'est dans in Zoologie, aussi bien que dans les autrea
branches des sciences naturelles ou nous trouverons,
les connaissances, qui £levent 1* esprit, donnent de
la rectitude au jugement et des elements de la plus
haute valeur a* la saine philosophie.-A.Railliet
.
PART I
I. INTRODUCTION
Prologue
It is as interesting as lamentable, that a group of animals,
presenting so many unusual and important objects of investigation as
do the nematodes, should have received so little attention from a
general morphological point of view. One is all the more astounded
when he observes the masterful results of Boveri, Biitschli, zur
Strassen, Martini and others, on the early embryology of the nema-
todes; the work on the morphologico-physiological conditions by
Plury, Faure-Premiet and Xemnitz; the detailed accounts of Gold-
schmidt, Apathy and Deineka, of the nervous, muscular and chromidial
apparatus of the genus Asoaris : the experiments of Seurat, Maupas,
Manson and Looss, on life histories; the excellent investigations
of the three Russian scientists, Metalnikow, Nassanow and Golowin
and the Swedish zoologist Jagerski6ld, on the excretory and phago-
cytic organs, and the many contributions to medicine and medical
zoology from a study of the nematode groups by Pulleborn, Stiles,
Ward and others. The importance of the field needs no further
comment
.
Realizing that systematic conceptions, physiological functions
and biochemical reactions are best understood when the morphology
of the group under investigation is known, the author has under-
taken a study of the precise structure of a single nematode species.

2This work has been done with the hope that it will not only con-
tribute definite information on certain features of anatomy hereto-
fore altogether unknown or at best little described, but will fur-
nish a stimulus to others for investigation along morphological
lines in the Nematoda.
Perhaps it is on account of the lack of information of mor-
phological details that the systematic investi|§|g)tion among nema-
todes has been so meager, and hence the classification of these
interesting and important worms is not on so firm a foundation as
that of the other parasitic animals. Certain very interesting
features of nematodes have been investigated and a great deal of
literature can be found upon certain specific points in one or
two genera, but the lack of general and specific information con-
cerning a great number of forms in this group is responsible for
the present chaotic state of affairs.
It may seem as tho a great deal of trouble has been taken in
this paper to give in detail minute points of anatomy and histology
for the species under consideration, but evidently no one can tell
in an unknown field what seemingly insignificant features will turn
out to be of great purport. If as many forms are accurately des-
cribed among the nematodes as have been in other parasitic groups,
there can be no doubt that this difficult branch will be as easily
handled systematically as any other.
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Materials and Methods
The material used for this study was a parasitic nematode,
found normally in the upper two inches of the intestine of certain
turtles. This species cannot be identified from any description
previously given and is named Camallanus americanus n. sp.
In the table given below it will be seen that this parasite
is found in five species in three genera of turtles from different
localities as indicated. In addition to these, the same species
has been identified from the following hosts in the collection
of Professor Ward: Chrysemys trossti, Chrysemys elegans and Aro-
mochelys odoratus from unknown American localities. Seven in-
dividuals of Trionyx spinifer and two of Trionyx muticus examined
at Fairport failed to reveal these forms. From these and a few
other records it is evident that this parasite occurs from Texas
to South Carolina, northward to the great lakes and along the
Mississippi river. It seems likely that the parasite is found
fairly generally east of the Mississippi river.

I. TABLE OF INFECTION
Host species No. ex- No. in- No. unin- ,fo in- Locality
amined fected infected fee ted
Chelydra serpentina
ChryBemys marginata 17
Chrysemys picta
Chrysemys scripta
Malacoclemmys
lesueuri
Total
6
8
12
47
3
11
5
7
11
1
6
1
1
75 Fairport , Urbana
Raleigh, N.C.
64 Fairport,
Chicago
83 Raleigh
87 Raleigh
91 Fairport
37 10
It will be seen that in the forty-seven turtles examined that
the percentage of infection averages seventy-eight 9 and while this
may not be a perfectly accurate statement of the natural conditions,
still it shows in a fair way the frequency of the infection. In
Table I. among the five host species examined, the percentage of
infection is lowest in the Western Painted Terrapin. It is interest
ing to note that in the soft-shelled turtles caught in the same net
with the hard-shelled species which were infected, none of these
worms were found.
The number of parasites of this species per host ranges from
one to several hundred, altho most turtles yield about fifteen to
twenty. These are found in the intestine just below the stomach
with occasionally one or two in the pyloric end of the stomach, or
more rarely in the lower region of the gut.
The methods of technique used have been thoroly discussed in
a paper by the author (Magath 1916) and little has to be added here.
Since the publication of that paper the staining technique of

5van Gieson has been used with very good results and counterstaining
with eosin in xylol has also proved useful. Vacuum technique as
indicated by Lee has been developed more towards the last of the
study with exceptionally good results, both for paraffin sectioning
and mounting in damar. By this method worms may be mounted from
xylol or oil of wintergreen (synthetic) without puncturing the
cuticula; some experience, however, is required before good sections
and mounts can be secured.
In general, the technique for sections and mounts in toto is
as follows: Kill in a hot solution of 33 parts of chlorofrom, 33
parts of glacial acetic acid, 33 parts of alcohol (or more up to
70 parts) saturated with corrosive sublimate and to which is added
enough osmic acid to contain from 0.05$ to 0.1$. Allow four hours
for fixation, bleach with hydrogen peroxide in 70$ alcohol and
treat with iodin. Stain for mounts in toto with hematoxylin in
70$ alcohol to which enough acetic acid is added to cause rapid
penetration and keep the stain in solution, and in paracarmin if
for sections. Use the differentiator (Textfig. A.) for bringing
the material up to a clearing fluid. By means of a string siphon
(Textfig. A.) run the material into xylol for sections or oil of
wintergreen for toto mounts. Use vacuum method for getting the
material into hard paraffin or damar. Worms may be sectioned and
stained according to the requirements of study. Special methods
will have to be modified from the standard ones.
Often nematodes have to be measured and when they are coiled
up this is not an easy task. Two methods have proved successful.
In either case the worm is drawn with a camera lucida and a mid-
line marked out. This line is measured with an accurate map measure
• v

or by bending a flexible celluloid or steel ruler along the line
Parts of the worm can be measured in the same manner*
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Text figure A

7II.. GENERAL ACCOUNT OP THE GENUS CAMALLANUS RAILLIET AND H3NRY 1915
Historical
The members of the genus Camallanus have had a very interesting
history, a review of which is given here. The name Camallanus was
given them by Railliet and Henry in 1915 as a substitute for the
genus Cucullanus of some recent previous authors, but not the genus
Cucullanus of Mueller 1777.
Cucullanus was created by Mueller to include two species,
parasitic in the intestine of the cod, which he named C^ cirratus
and C^ muticus
. later uniting them in one species which he called
C. marinus « For certain reasons Railliet and Henry have considered
that these two species should not have been united and thus they
have come to select the species cirratus
.
because it was first named,
as the type of the genus. Dujardin (1845) gave the name of Dacnitis
to certain members of the genus Cucullanus . but by the law of
priority this former name is no longer in good standing. Since
members of this genus are distinct from those in the Cucullanus
of Dujardin and subsequent authors, Railliet and Henry have given
them a new name, that of Camallanus ( camallus . a hood). The
characters of this genus are stated by these authors as follows:
Camallanus Railliet and Henry 1915 ( Cucullanus Auct., non
Mueller 1777). Polymyarians (Schneider) sernentes (Linstow).
Cuticula finely transversely striated. Body usually red, obtuse
anteriorly, more attenuated posteriorly. Head with two dorso-
ventral valves, limited by a mouth which is a transverse slit and
an elliptical buccal capsule at its entrance; rounded behind, where
the internal walls present longitudinal parallel ridges, usually
terminating at the margin of the mouth in the form of small teeth.

8Behind this buccal capsule is a chitinous apparatus in the shape
of two transverve hands united into a sort of hand (apophyse Rud.J
which part, On each side has a trident, diverging posteriorly, of
which the lateral branches serve for the insertion of muscles to
move the buccal valves. The valves are terminated by a circular
"bourrelet" (pharynx Duj.) at its entrance into the esophagus. In
general the esophagus is formed in two portions; the anterior mus-
cular and clear, and the posterior glandular, more opaque and
swollen.
Males with recurved and inrolled tails, carrying caudal alae
which project a little and have a variable number of papillae, rib-
like. A single spiculum, sometimes accompanied by a very small
accessory piece.
Females larger, tails straight and conical, sometimes with
two subterminal lateral papillae. Vulva projecting from the middle
of the body. Viviparous.
In the development, an intermediate host functions.
Habitat: The adults live in the intestine or stomach of fishes
batrachians and reptiles. The larvae have been found in the body
of crustaceans (Copepoda) or the larvae of aquatic insects, some-
times in the eyes of fishes.
Type Cucullanus elegans Zeder, 1800r Echinorhynchus lacustris
Zoega 1776.
From a very careful study made of Camallanus americanus
.
another species of this genus sent from Africa by Seurat and
placed at my disposal, and the two species, Camallanus ancylodirus
and Camallanus oxycephalus described jointly with Professor Ward,
the author is able to correct somewhat at length the generic des-

9cription given by Railliet and Henry. These corrections are as
follows
:
i. The valves are lateral and not "dorso-ventral"
.
ii. The mouth apparatus is not a "buccal capsule", but is com-
posed of a pair of jaws, which indicate an origin from a lipped-
condition.
iii. Two transverse bars, the so called "apophysis" do not ex-
ist.
iv. No muscles are inserted on the lateral branches of the
"trident".
v. The "bourrelet" is the esophageal cap.
vi. The second region of the esophagus is not "glandular" in
the true sense of the word.
vii. There are two spicula in the males and no accessory
piece
.
viii. Some females have terminal papillae.
ix. The vulva is not always in the middle of the body, but
may be a little anterior or posterior to it.
It therefore seems best to amend the description of the
genus Camallanus to read:
Cuticula finely transversely striated. Worms usually appear
reddish; obtuse anteriorly, more attenuated posteriorly. Mouth,
an elliptical dorso-evntral slit; oral cavity bounded by two lateral
pec ten- shell- shaped valves united posteriorly along dorsal and
ventral margins j internal walls present longitudinal posteriorly
converging ridges, usually terminating at oral margin in small
teeth-like spines. Valves united posteriorly at bases; a circular
band-like ring is joined to valve bases covering the esophageal
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cap. Valves supported by two sets of dorsal and ventral prongs,
usually three in each set, extending into the cuticula from valve
joints. Two pairs of jaw muscles, extending from the anterior
valve margins to the cuticula posterior to the oral apparatus.
Esophagus divided into two regions, anterior muscular, transparent;
posterior opaque, probably excretory in function.
Males with recurved tails, inrolled and carrying lateral
caudal alae supported by ribs. Two spioula, acuminous.
Females larger than males; tails, straight, conical, some-
times bearing minute papillae. Vulva projecting, on ventral side
near middle of body; one ovary. Viviparous.
Comparison of americanus with other species of the genus
In the genus Carnallanus Railliet and Henry have placed eleven
species. Two others are usually considered as belonging to this
group of worms but these authors do not include them in their
revision of the genus. Two species have since been described by
Ward and Magath (1917) and the form under consideration in the pre-
sent paper adds still another.
The French authors already referred to in this paper have
placed the genus in the superfamily Spiruroidea Railliet and Henry
1915 and the family Camallanidae Railliet and Henry 1915. At
present this decision seems to be satisfactory.
In the past the descriptions of the members of this genus
have been so brief that little information can be found save a
few measurements; many forms will therefore have to be placed
ultimately among the species inquirendae. The species discussed
in this paper suggests very strongly a close relationship with
three others which have been previously described. One of these

11
is a form recently discussed by Seurat (1915a) under the name
Cucullanus microcephalus Duj. On comparing this description with
that of Dujardin one is forced to admit that the two forms are n<*+We.
same if indeed one can identify any form from the latter' s des-
cription. I therefore propose to call Seurat' s material Carnallanus
seurati in honor of its discoverer. By a close analysis of the
facts certain points of difference come out of a study of the
species americanus
.
C. seurati
.
C. trispinosus and micro-
cephalus . (See Textfig. B for 0. seurati .) The following table
indicates some differences.
II. TABLE OP COMPARISONS
Organ C. americanus
Magath
Male Female
C. seurati
Map-eth
Male Female
C. trispinosus
Leidy
Male Female
Mouth apparatus
Length
Width
Prong length
Number ridges
0.089 0.105
0.120 0.160
0.080 0.105
10 or 12
0.11O 0.140
0.160 0.180
0.110 0.140
16
Female tail Three spines Bifid Three spines
Female genital
organs-lengths
Ovi jector
Oviduct
Ovary
Ratio, ovary:
oviduct
1.3-2.1 mm.
2.0-2.7 mm.
1.9-3.5 mm.
1:1.0-0.8
3.1 mm.
1.5 mm.
1.3 mm.
1:1.1
Ova 24x25 u. 77x80 u.
Spicula
Right
Left
.
Embellishment
870u.
310U.
Single curved
prong, 75 u
from tip
840u.
420p.
Shaped like "ar-
dillon d'hame-
^on", 60 p. to tip
450u.
120Ji.
By reference to the table one can make the following com-
parisons between C. americanus and C. seurati;
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i. The size of the mouth apparatus is not the same in the two
species, A great deal of importance should be attributed to this
fact, since the structure is so constant in individuals of the same
species. In seurati this structure is on the whole rather larger
than in americanus .
ii. The female tail is bifid in the former species and ter-
minates in three spines in the latter.
iii. The ovijector is longer in 0^ seurati . and the ovary and
oviduct are shorter.
iv. The ova are much greater in size in seurati .
v. While the right spiculum is perhaps about the same length
in the two species, the left one is not, that in seurati being
a third longer. On the right spiculum there is an embellishment,
which, in the American species is, 75 u from the tip and a simple
spine in shape; in seurati the embellishment is 60 jl from the
tip and in the shape of a battle axe.
There is but one item which can be compared with the new
species and C_. microcephalus as described by Dujardin. This is the
size of the head, which is given by him as being 0.1 mm. in the
female and 0.0S mm. in the males. While this agrees with the length
of the mouth apparatus in the new species it is by no means cer-
tain that Dujardin meant to give this measurement for the length
of the valves in his species. Since there is no other data which
is characteristic, I consign his species to those inquirendae.
Mention should be made here that Diesing (1851) adds to the
description of Dujardin's species the fact that there are three
spines on the end of the female tail, but if the spines are as
large as those in C. americanus it is hard to see how the earlier
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author failed to see them. It is by no means certain that Diesing
had the same species that Dujardin described.
The third species is trispinosus Leidy. Here again the
description is so meager that one is forced to consider this as a
species inquirenda for no one can identify with certainty this form
from the data at hand. Leidy gave the length of the spicula as
being 450 ji and 120 ji t which would be far too small for americanus .
but the three spines on the end of the tail of the female is a
little suggestive. He states definitely that there are eig^
ridges on either side of a medium on each valve, while there are
only five or six in the case of americanus .
Table of measurements of members of the genus Camallanus
The table following gives all the measurements of members of
this genus which can be obtained. For the sake of completeness
the species inquirendae have been included, for it is evident that
there is in other cases besides microcephalus and C± trispinosus
ground for relieving the genus of them. In addition to these
measurements very little other data are given for these species.
Textfigure B
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III. TABLE OF THE GENUS CAMALLANUS
(Males
)
Species
C. lacustris
laeviconehus
tridentatus
papillifer
melanocephalus
nigrescens
microcephalus
dumerili
trisplnosus
confusus
undulatus
orthagorisei
roseus
viviparus
oxycephalus
ancylodirus
seurati
americanus
lacustris
laeviconehus
tridentatus
papillifer
melanooephalus
nigre^cens
microcephalus
dumerili
trispinosus
confusus
undulatus
orthagorisei
roseus
viviparus
oxycephalus
ancylodirus
seurati
americanus
Maximum
length
Maximum
width-
Length
valves
Width
valves
Length
anter
,
esoph.
5.0 0.15 0.70'
18.0
8.2 0.31 0.088 0.56
9.5 0.19 0.090 0.42
13.5 0.16 0.45
6.2 0.16
12.0 0.31 0.130
9.0 0.29 0.45
21.0 0.10
9.0 0.29 0.42
15.0 0.38 0.126 0.120
11.3 0.27 0.110 0.160 0.42
13.0 0.30 0.089 0.120 0.37
(Females
)
10.0 0.30
7.0
10.0
17.0 0.50
19.7 0.53
14.0 0.31 0.100
12.7 0.28 0.38
19.0 0.53 0.170
13.8 0.37 0.57
38.0 0.13
13.8 0.37 0.67
25.0 0.27 0.117 0.105 0.42
25.0 0.56 0.150 0.183 1.42
24.0 0.37 0.140 0.180 0.40
25-.0 0.45 0.105 0.160 0.44
Width
anter.
esoph.
0.090
0.105
0.150
0.114
Length Length Length Length
poster, spicu- spicu- caudal
esoph. lum a. lum b. alae
0.135 0.074?
0.45 0.51
0.73 0.36?
0.45 0.12 0.51
0.61 0.48
0.17 0.17
0.48
0.26 0.20 0.92
0.61 0.84 0.42 0.78
0.53 0.87 0*32 0-60
iiQ wXl
tail pre-vl.
5.0
3.5?
0.15 6.4
0.10 7.0
0.46 0.23
6.9
8.5
0.14 6.4
1.37 0.45
0.70 0.28 8.0
0.57 0.22 6.1
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III. GENERAL DESCRIPTION OP CAMALLANUS AMERICANTJS
Before discussing in detail the organs of Camallanus american-
us . it will be well to make a few statements concerning the ap-
pearance of the worms in general. They are of medium size, rather
slender and, when first collected, of a slightly reddish-brown
color. Perhaps the most noticeable feature is the presence of the
golden-brown mouth apparatus which can be readily seen with the
naked eye, and is characteristic of the genus. The worms are as
a rule moderately active, coiling themselves up into loose knots,
but never rolling themselves up spirally, as is the custom of some
nematodes, in particular those which are characterized by possessing
soft lips.
If a bit of the intestine is placed in a dish with the worms,
those coming in contact with it sometimes sieze it, and indeed they
may be seen to grasp each other in various parts of the body. There
is in the anterior region a short clear space, which is occupied by
the esophagus, and back of this region is seen the gut, usually
dark in outline or even black in some cases, as it appears thru the
transparent cuticula. The latter shows fine striations under mag-
nification, and the two sets of three prongs of the oral apparatus
can be made out, embedded in the cuticula at the anterior end.
Two minute papillae are at the level of the thickest portion of the
anterior region of the esophagus; the excretory canal opens about
20 u anteriad of these papillae.
The posterior region of the males (Figs. 91,92) is inturned
so as to look like the letter "J", the bottom of which presents
two medium sized, narrow alae, which are lateral in position;
sometimes the longer spiculum is protruded thru the ano-genital
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aperture.
Nearly all authors have noted the presence of caudal alae on
the males within this genus, but the description of the structure
is very incomplete. At the anterior margin of the alae, just behind
a slight indentation in the body wall on the ventral side, one sees
in sections, that the cuticula is split, so that the alae are covered
with the outer layer, the body with the inner and a space inter-
vens. The alae at first arise as a single ventral swelling from the
cuticula, but on passing posteriorly they divide and separate more
and more from each other, until they come to lie one on either side
of the mid-ventral line, and with their ventral margins removed
quite a distance from each other. These right and left ala ex-
tend to the tip of the tail, remaining about the same size until
within a short distance from their terminations, they taper sharply
to the tip.
The alae are not very high nor broad, projecting along their
course about 20 p. ventrally and 30 jl laterally beyond the body wall,
The outer contour is fairly regular, but here and there is indented
or swollen. If the body of the worm be divided in frontal section
along the mid-lateral line, it will cut at the level of the dorsal
margin of the alae, their ventral margins run parallel to each
other, but some distance apart.
Between the two layers of split cuticula there is sometimes
present a deeply staining fibrous or granular substance, varying
in amount in different individuals. I am unable to state what this
substance is, but two possibilities present themselves. The first
being that as the cuticula is laid down by the subcuticula under-
neath this region, it is sloughed off of the lower layer into the
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alar cavity; the fact that the mass increases with the age of the
worms somewhat bears this out, A second theory, suggested to me by
Professor Ward, is that this material represents precipitated
fluid expressed out from the body cavity.
The alae are not without support. Anterior to the anus there
are seven pairs of ribs, which are slender and extend at definite
intevals between the two split layers of cuticula. Since these
supports are discussed else where in the paper, only a few points
need be mentioned here. The number and arrangement is like that
in 2i seuratl . and the reader is referred to Textfigure B for this
feature. The shape of the ribs is like little slender rods, and
anterior to the anus the seven pairs are about equally spaced from
each other. In addition to these there are two pairs which are
para-anals, very near the anus and on either side; finally there
are five pairs situated posteriorly, the anterior three of either
side being grouped together and the last two (Fig. 184). Super-
ficially these last five pairs seem to be pedunculated, with a
slight distal enlargement. All of these ribs, unless the post-
anals are exceptions, are oapable of being bent and returning to
their original position. They are covered with an exceedingly thin
layer of cuticula which is continuous with that of the body wall
on the one hand and of the alar wall on the other.
It is interesting to note in passing that Leidy refers to
these structures as "respiratory canals"; he found only six pairs
anterior to the anus and did not mention the presence of others
posteriorly; whether they were present in trispinosus is a
question. At present one is unable to say whether the number of
papillae, ribs or rays is constant for a genus or not; the reports
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of the number in the different species of the genus Camallanus
cannot be looked upon as being reliable.
The females are usually larger than the males, but of about
the same ratio so far as the length and thickness of the body are
ooncerned. They are easily recognized from the males by the pre-
sence of the large projecting vulva, which is situated about the
middle of the body. The tail is drawn out into a long conical
point, without alae, and under a medium magnification shows the
presence of three minute spines (Figs. 152, 104). Under the same
magnification the uterus can be seen to contain motile embryos and
some of the coils of the ovary and oviduct can be made out in the
anterior end of the body.
Worms kept in water for twenty-four hours or more, are al-
most transparent, the red color of the body fluid disappearing,
and then the intestine stands out even more clearly.
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IV. NEMATODE MEASUREMENTS
General remarks
Perhaps no one factor has contributed more to the chaotic
condition which now exists in systematic nematode literature than
the fact that authors have been content in the past to describe
species by giving a few measurements and a remark or two concerning
the general size and shape of some of the more prominent organs.
The utter folly of describing these complex forms with a running
stereotyped characterization was pointed out by Looss (1911), who
stated that the trouble lay chiefly in the "way in which the new
species are described". He further urged that more stress be laid
upon the descriptions of parts and comparative features in nema-
todes.
It is not surprising that under the existing conditions some
one undertook to work out a scheme for classification based upon
measurements, since this was considered the proper way to describe
a nematode. Cobb proposed in 1890 the first and definite scheme
of this kind. He devised (Textfig. A) a formula to show two kinds
of measurements, absolute and relative, first the length of the
worm and its thickness at certain points in milimeters, and secondly
the percentage of that length which is represented by the distance
from the anterior tip to definite points in the body. It is clear
that this formula is acceptable for a species, only if during the
process of growth all parts increase so as to retain the original
proportions, for if this is not the case then at a given age the
worms will yield a different formula than at other ages. While
Cobb has used the formula for over a quarter of a century he has
never attempted to defend it against the occasional criticisms
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of other authors, further he has never recognized that there might
be some chance for unequal growth in different regions,
Fracker (1914), who confined his discussion to the parasitic
nematodes, published a criticism of the formula which cast con-
siderable reflection upon it. It is not out of place here to call
attention to the fact that the table given by this author is not
arranged with the animals accoring to size, so that, since no spe-
cific summary of the table is made, a little difficulty arises in
interpreting the figfures. However, he concludes that in Oxyurias
vermicularis that "the locality of the cephalic parts of the ali-
mentary canal tend to vary from 1 to 4 per cent., about one third
of the maximum". He also found a variation of 15% in the location
of the vulva, 7% in the anus and variation in the total length and
width of the body.
Looss in the work already referred to, shows quite plainly
by a short table of measurements how futile it would be to try to
identify Unc inaria criniformis or Uncinaria polaris on measurements
alone, and suggests in these cases that while the relative position
of the genital aperture in the female is in some degree constant
during individual growth, this is true in other species in the
same genus, and is therefore a generic and not a specific character.
All the other comparative figures vary during growth and would
be of no earthly value either in the description of the species
or of the genus; he has given the proportions of the lengths of the
bodies to that of the esophagus, the length of the tail to the
body, and the prevulvar to the postvulvat* section. On the other
hand he points out that the absolute length of the esophagus is
fairly constant, as is also the length of the spicula and the
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length of the female tail, as these parts do not grow muoh, if at
all, after maturity is reached or even before. Thus he shows that
in general, proportional figures are of little value, especially
when thay are involved in the length or thickness of the "body, and
that only a few organs will yield absolute measurements which can
be relied upon. The points to be decided then are, which organs
will yield such useful facts, how far they can be applied and whether
they are generic or specific in their compass. Such a decision
will be of value because it will furnish us with some reliable
measure or will eliminate unrealiable ones, which can never do
anything more than confuse literature.
In order to test the formula system further and to see just
how much weight should be placed on measurements, the author under-
took a somewhat extended set of observations on individuals of
C. americanus . For this purpose twenty females and seventeen males,
picked at random from among several hundreds have been measured
and the ratios and curves worked out with a view of seeing just how
much variation of parts occurs and which measurements could be
relied upon. All of these worms were handled in the same manner
and mounted in damar, so that the errors due to technique should
be about the same in each case. Of course the number used is not
very great but there can be little doubt but that, while the actual
figures would be changed somewhat if more individuals had been
used, the same general conclusions would be reached. A few
measurements are omitted in Table V because they could not be
accurately obtained in the individual worms.
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MEASUREMENTS OP CAMALLAIIUS AMERICANUS
1 J? emaies J
Number Length
Body
width
Body
Katio or
width : length
length
postTalvar
region
Length
prevulvar
region
l • 7.4 0.17 1 : 43 .5 3.2 A O4.2
4 • 7.6 .16 *> Ann1:47.5 3.6 4.0
rr3. 7.9 0.1/ 1 :46.4 O • o 4.1
4. o • 6 U .lo l : 4 r . 7 /l A4.U 4.0
n
• y . d A 17.4 I T . 7C C1 : oo . o A C4.6 .U
o • O Qy • o A TOu . iy 1 : 01 •
o
o.u 4.o
7 • y • y A T QU • lo l : oo *o /I Q4. o 0.1
o • i a c1U • D A OTU . 41 T . KA Al : ou .4 0.4 0.4
Q7 . t a £1U • A 9 AU • 40 T. • AA Vi : 4U . f A "X.O A <ZO.O
i a1U . T A 171U • / A "XTU .Ol 1 : o4. A A.u A "• /
11 • I 1 AII .4 A OAU • 4U 1 . en r\l : o i .u O.o 6.1
T. 914 • 11 • 4 A <T A.o4 1 : 33 • C /I0.4 6.0
11 . A OnU.47 T . VI O O1:44.4 O.O 6.0
T. A14. lo • o A OKU • 40 1 : 04 .4 7 .0 6.6
1 A10 • 14.o A >! O.44 -i . rr a A1 : 34.4 7.0 7.3
10 • t. k a10 .U a a aU .40 1 : 33 •
1
7 .5 8.5
XT « 13 .4 /-\ AC.46 1:33 .0 7.5 7.7
1 ftlo . 16 .1 0.32 1:40.3 8.6 7.5
Xw . TO Clo . 0.29 1:64.1 10.4 8.2
20. 19.5 0.38 1:51.3 10.3 9.2
iy .5 0.46 1: 64.1 10.4 9.2
dual le sX n a7.4 0.16 1:33.0 3.2 4.0
jJinerence 14.1 0.30 1:31.1 7.2 5.2
11 • I 0.27 1:44.8 5.9 6.1
# Variation 102.9 ma 69.4 121.0 85.2
,—
j
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Ratio of post-
to pre-vulvar
region
Length
tail
Ratio of
tail :body
Poster, tip
to poster,
end uterus
Ratio tip to
uterus : length
or body
m *m mm1:1.3 0.14 1 : 52.9 2.5 1 : 2.9
A *1 A1:1.2 0.17 1:44.7 2.7 1 : 2.8
1:1.1 0.14 1 :56.4 2.1 1: 3.2
1 :1.1 0.18 1 : 47 .
7
3.0 1 : 2.8
1:1.1 0.21 1 : 45 . 1.5 1 : 6.4
1:0.9 0.17 1:57 .6 1.5 1 : 6.7
1:1.0 0.18 1:55.0 1.4 •t n rx1: 7.0
1:1.0 0.20 1:53.0 2 .4 T A A1: 4.4
1:1.0 0.18 1:58.8 1.3 1: 8.1
1:1.2 0.26 1 : 41 • 1 1.0 1 : 10 .
7
•1 T *11:1.1 0.21 1:54.2 rt r\2.9 1: 3.9
1:1.1 0.25 T AC /?1 : 45 • 6 1.1 1:10.3
1:1.0 0.17 1:67.6 1.8 1: 6.4
1:0.9 .20 1: 68.0 2.1 1: 6.4
1:1.1 0.25 1 : 59.0 0.6 1:23.8
1:1.1 0.25 1 : 60 . 0.4 1:37.5
1:1.0 0.30 •l Cf\ /•1 : 50 .
6
0.6 1 : 25 .
6
1*0.8 0.27 1: 59 .6 0.7 1:23.0
1:0.8 0.29 1:64.5 0.7 1: 25.7
1:0.9 0.31 1:62.9 0.4 1:48.7
i:l.o .31 1 : 68 .0 3.0 1 : 48 .
1:0.8 0.14 1:41.1 0.4 1: 2.8
1:0.5 0.17 1 : 26 .
9
2 .6 1:45.9
1:1.0 .22 1 : 55.3 1.5 1:13.3
50.0 77.2 48.6 173.3 345.0
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Length anter.
portion
esophagus
0.41
0.44
0.39
0.44
0.41
0.40
0.42
0.46
0.47
0.49
0.47
0.45
0.40
0.47
0.43
0.41
0.44
0.47
0.44
0.41
0.49
0.39
0.10
0.44
22.5
Length poster.
portion
esophagus
0.48
0.49
0.47
0.50
0.49
0.60
0.45
0.46
0.70
0.61
0.53
0.62
0.60
0.64
0.62
0.60
0.70
0.65
0.65
0.60
0.70
0.45
0.25
0.57
43.8
Ratio anter.-:
poster .-portion
esophagus
1:1.17
1:1.11
1:1.20
1:1.13
1:1.19
1:1.50
1:1.07
1:1.00
1:1.49
1:1.24
1:1.12
1:1.37
1:1.50
1:1.36
1:1.44
1:1.46
1:1.59
1:1.39
1:1.47
1:1.46
1:1.50
1:1.00
1:0.50
1:1.31
38.1
Ratio anter.
portion esoph
body length
1:18.0
1:17.2
1:20.2
1:19.5
1:23.4
1:24.5
1:23.5
1:23.0
1;22.5
1:21.8
1:26.1
1:25.3
1:28.7
1:28.9
1:33.2
1:36.5
1:34.3
1 : 34 .
2
1:42.2
1:47.6
1:47.6
1:17.2
1:30.4
1:27.5
110.5
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Ratio length
total esoph,
:
DOuy lengxri
Diameter thick-
est point of
esopn&gus
Ratio diameter of
esophagus to length
anxerior porz ion
1 : o .3 0.106 1:3.8
0.100 ^ . A A1:4.4
1 . O 1 /"\ i AC
.105 1:3.7
i • n o1 : 7.9 .100 ^ A A1:4.4
l : lu .6 0.095 1:4.3
1 • Q Q 0.107 1:3.7
l : 11.3 0.115 1:3.6
1,11 c
.114 1 :4.0
i : y .u .110 1 :4.2
l : y • 7 0.112 1:4.3
i : 11 .4 0.114 1:4.1
l : lu.o .115 1:3.9
1,11 Ki : li •
o
0.120 1:3.3
1 .In © 0.130 1:3.6
l : 13. o 0.116 1:3.7
l,lc fti : lo «u .131 1:3.1
i : lo • o 0.116 1:3.8
1 S lO • c 0.118 1:4.0
i : i / »u 0.110 1:4.0
1:19.3 0.130 1:3.1
±
,
iy .o 0.131 1:4*4
l : r • y 0.095 1:3.1
J. « -LJL • C 0.036 1:1.3
1.11 171 . 11 •
r
0.114 1:3.7
95.8 31.6 35.1
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V. TABLE OF MEASUREMENTS OF CAMALLAMJS
(Males)
AMERICANUS
Number xiengun
body
W-f ^ tVi« la. UO
body width: length anter.
esopn
.
anter.
.
eso pn
.
1. U . 1? 1 • PA PX . CO . O n etc n oq p
2. A A n t au • ID T • 3A 3X I Oft • O n ^ft n oqi
3. A 3O .O n t ru • 1 o t • ap n n 37U .O r u . uyu
4. A ftD O r» i au . o 1 »A3 7 n 3ftu .oo n i nou • XUU
5 • A ft O 1 QU • X? 1 .71; 7 n 3Au • oo
6* n 17 1 »AO A n 3AV-< . oo n oftA
7. 7 9 O 1 AV . xo 1 «AQ A w • O 1
8 • ft 2D 1 «A0 AT) OQP
9. ft 2 1*37 ? 3A \J . XVJX
10. ft A l ./.A P O AlV/ . rrX n l on
11 • Q A fi ?p\J . cc 1 »A^ 1X • fr«? . X fl 3ftV/ . oo w .vj 7 y
12* Q ft n ?p 1 «AA A fi 3Q D Tin
15. XU • u n P3 1 • A3 A n A3
14 • 10.1 0.21 1:48.1 0.44 0.100
15. 10.5 0.27 1:38.9 0.41 0.120
16. 11.1 n pci 1 • AP P u .oy r\ T HAU . 1U0
17. 11 .O n pa T • AA P n atU . 41 ri t po
wreatest 11 .O O P»7 T • AQ A n aa n t pn
smallest 4.9 0.15 1:25.8 0.36 0.086
uiiierence 6.4 0.12 1:23.6 0.08 0.034
Average 8.2 0.20 1:42.0 0.37 0.099
# Variation 77.7 60.0 53.8 21.6 34.3
—fc
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Ratio diameter of
esophagus to length
q yi 4- d Y» ft -p y\ ftY»"f" -? ft y\
Ratio length
anter. esoph.:
Length
poster.
o ci ft ir\V»
Ratio anf.pr.-:
poster
.-portion
esopnagus
1:3.9 1 : 13 • 6 ft A f*.46 i:i«3
T . A T1 :4.l 1 : 14 • 4 A At.41 1:1.1
1:4.1 T . T M ft1:17.0 ft A "\.41 1:1.1
1:3.8 1:17.8 0.42 1:1.1
1:4.
o
1:18 .8 ft Jl o• 42 "1.1 O1:1.2
1:3.3 1:19.1 ft «M0.41 T . 1 O1:1.2
1:3. 1 : 21 .3 ft A C.45 1:1.2
1:4.3 t • Oft ftl : 20.0 0.56 1:1.4
1:3.7 1 : 21.5 ft c c0.55 1:1.4
1:4.1 -i Oft /I1:20.4 ft c c• 55 1:1.3
1 : 3 . o 1 : 25 •
2
0.52 1:1.4
i : 3 • o T , or Tl : 25 .1 ft CO.58 1:1.5
i:4.3 1 : 23 • 2 0.58 1:1.3
T • A A "1 . O O ft1 :22.9 0.61 1:1.4
T • % Ai : o »4t 1 : 25 . 6 ft »ft• 70 1:1.9
i : o. f 1: 28 .5 0.66 1:1.6
1:3.4 1:27.6 0.60 1:1.4
T . 00 C1: <do .5 0.70 1:1.9
x
.
o «o l : 13 .6 .41 1:1.1
J. . X . X 1 :14.9 .29 1:0.8
X . o . o l : 21 .3 0.52 1:1.3
31.0 69.9 55.7 61.5
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Length r. Ratio spiculum Length cau- Ratio length caudal
spiculum length: body dal alae alae:body length
length
• 0.87 1:6.2 0.439 1:12.5
0.458 1:14.8
0.503 1:13.6
0.92 1:8.5 0.484 1:16.4
0.561 1:14.3
0.86 1:9.3 0.593 1:13.9
0.483 1:17.5
0.84 1:11.6 0.679 1:14.1
0.716 1:13.9
0.735 1:13.8
0.793 1:13.3
0.684 1:16.3
0.88 1:12.8 0.774 1:14.7
0.92 1:12.8 0.793 1:17.5
0.84 1: 6.2 0.439 1:12.5
0.08 1: 6.6 0.354 1: 5.0
0.87 1: 9.6 0.600 1:14.5
9*2 68.7 50.9 34.5

28
Curves of measurements
7 . 9 10 11 12 13 14 15 16 17 1G 10
Curv i showing ratio of body length to body width
_ 3ody length on abscissa, body width on ordinate
7
J
9 10 11 li: T 14 15 15 17 18 19
Carve showing lengt'-. of body to length of te.il
3ocy length on abscissa, tail length on ordinate
Ql 1 1 1 . 1 1 _l . 1 I '
7 6 9 10 11 12 13 14 15 16 17 1G 19
Carve showing body length to distance froa tip of tail to tip
of posterior uterine branch
Curve showing ratio of body length to length of posterior
'region o" esophagus
Body length on abscissa, length o^ posterior region o*" esooha-
gue on ordinate
COT'
12 12 14 15 15 17 lfl 19
o* body length to length of anterior
Mb-, length of anterior region o' eeopha-
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5 6 7 G 9 10 11
rat id of body length to caudal alae lenp-th
abscissa, .ilae length on ordinate
i
lOWil ratio of body
a 6* r" Tt~
length to right spicttlum
abscissa, spic-.il ai. length an ordinate
8 9 10 11
Carve " iv/in ratio of body length to length of
posterior ro»ion of eaopha~us
Jody lengt1 on abscissa^ lenrth cf posterior rsrion
of es&iiha.'nis on ordinate
El" , x a c 7 !- 9 10 11
Euarve sho.wljig r-tio of body
.length to length of
anterior rorlon of csophap-is
.
' lenftJi on abscissa^ length on anterior re^iGn
>
r syoohapn: on ordinate ''
JO'l
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.55 .36 .37 .30 .39 .40 .41 .4 r .43 .44
Carve showing ratio of length of esophu^is to width of esooh&gus
(anterior region)
Length on abscissa, width on ordinate
.35 .36 . 37 . 38 .39 . 40 . 41 .42 . 43 . 44
Carve showing ratio of anterior region of esophtrms to
posterior region (length)
Anterior region on abscissa, posterior region on ordinate
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Discussion of the tables and curves and deductions from this study
(1) That an enormous variation occurs in the individuals of
Camallanus becomes evident from a study of the tables and curves.
—————— f\ »
While Table V includes the longest male found, the longest females
are not included in Table IV; the longest one ever obtained measured
30.9 mm., which if included, would give a much higher percentage
of variation than is indicated in the table. Each one of the females
has many embryos in the uteri, so that they must all be considered
as mature females and to give a single measure for the length of
the species would be extremely incorrect. The same holds true for
the males altho they reach a maximum length earlier, for no em-
bryos complicate the length factor here. Thus it appears that if
the length of this species is to be given in its description, it
should be accompained with a full statement of how it was obtained,
the stage to which it applies^etc.
(2) While it also appears that as the worms increase in length
they increase in thickness, yet one ratio will not express the
relation in all individuals, since the increase in width does not
parallel the increase in length. Further a variation of 69.4 $
in the females and 53.8 fo in the males was recorded.
(3) The size of the oral apparatus will be discussed at length
elsewhere in the paper and does not appear in the table, for that
region is so constant in size in both males and females that practi-
cally no difference can be detected between individuals of one
sex. A ratio between the length of this structure and the length
of the body or the width of each would be of no significance, since
it would vary so greatly.
(4) The importance of the esophagus from a systematic and
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functional standpoint will be pointed out later on in the paper,
but here it is fitting to note that this organ presents a remarkable
constancy in absolute length and thickness in each sex. There seems
to be no tendency for the anterior region of this organ to increase
at all in length after perhaps the time of the assumption of the
definitive stage, for extremely young males and females have an
esophagus as long as in the older individuals, but there is some
slight tendency for an increase in diameter, especially up to the
time of maturity from the fourth stage. With the growth of the
animals the second region of the esophagus elongates a little, not
greatly and not very consistently. The data in the table shows the
absolute length of the esophagus given for any individual may vary
but 11 % on either side of the average, but that a ratio between it
and the length of the body varies 110.5 % in the females and 69.9 %
in males. Accordingly, in this species at least, the esophagus
obtains its final length early in life and this is especially true
of the anterior region. The ratio of the first or anterior portion
of the esophagus to the posterior portion varies a little more in
the males than females.
(5) As the females get older and more embryos accumulate and
grow in the uterus, that organ is enormously stretched and tends
to fill the body cavity. As it grows the posterior horn is pushed
down into the tail region; by comparison it is noted that the dis-
tance between the posterior tip of the uterus and the tip of the
tail lessens as more embryos develop. This distance is, in turn,
somewhat inversely proportional to the total length of the body, so
that, the length of this space is
,
roughly speaking, an indication
of the age of the worm.
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(6) The length of the female tail, that is, the distance of
the anus from the extreme posterior tip, is often given as a diag-
nostic point. In this species there is a great variation in the
item. The tail grow as well as the rest of the body but not in the
same proportion. Its absolute length varies 77.2 fo while in ratio
with the length of the body, a variation of 48.6 $ if found.
(7) As females get older the ratio between the pre- and post-
vulvar region varies 50.0 the prevulvar portion being more con-
stant in length than the postvulvar region, this latter tending to
over grow in the large individuals. It will be noted that in the
young females the postvulvar region is shorter, while in the older
ones this region surpasses the length of the anterior part. With-
out doubt the factor governing this to a great extent is the de-
velopment of the embryos.
(8) It is seen that the length of the caudal alae increases
with the length of the body, but that this increase is not so rapid
in the caudal alae, so that a ratio between the two in no way ex-
presses the relationship for all males, nor does the average in-
dicate the true state of affairs.
(9) It is unfortunate that so few measurements of the spicula
could be obtained, and that it is impossible to measure the length
of the left spiculum in toto mounts. However, it will be seen that
very little difference in length was found in the right one, with
no tendency for increase with the length of the body, the variation
in length, t ere fore, is individual. The author has dissected out
many spicula of both sides in worms varying greatly in size, and
they always give a length of very nearly BlOji and ZlDji, It therefore
appears that these structures reach a full growth early in the de-
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velopment of these worms and do not grow later in life. A ratio
between them and the body length would naturally vary considerably.
From these considerations is becomes evident that there are
few if any ratios commonally given that will distinguish individuals
of this species, for the range of individual variation is so great
as to overlap many other species, and then too, no one set of
ratios is even approximately correct or accurate for this species.
The absolute length of the anterior region of the esophagus is
reasonably constant, but as will be pointed out later, does not
distinguish other worms of this genus. The absolute lengths,
thicknesses, etc., of the mouth apparatus and the spicula are very
constant and will be shown to be specific. Lengths, widths and
ratios of other parts of the body are misleading and inaccurate
within this species,
From Table III which gives the measurements of all the species
within the genus, certain facts of interest can be learned, tho they
are unfortunately subject to question because of the inaccuracy of
the measurements given therein. These had to be taken from the
older authors who do not state how the measurements were obtained,
whether they are averages, single eases or even estimated figures,
however they give some interesting information.
Discussion of the measurements of the genus Camallanus
(l) Different members of the genus overlap each other in
length and width of the body that these measurements are of com-
paratively little value in separating species within the genus
Camallanus . nor can the genus itself be separated from other genera
upon this basis. Individuals of americanus have been found which
to
show corresponding length and thickness to evry other species of
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this genus reported.
(2) The size of the oral apparatus is of great value in the
diagnosis of species within this genus. There is enough difference
in the size of the various parts of this apparatus, viz., its
length, width, and length of the branches of the trident, to separate
all species examined by the author, yet it may not be wise to hold
that this point is in itself sufficient ground upon which to base
a separation of all the different members of the genus. So far as
present information goes, it certainly is a very good indication
for specific diagnosis, since one finds only a slight variation in
this feature among individuals of the same species.
(3) It is very interesting to note that with one exception there
is very little difference in the length of the esophagus, and
especially of the anterior region, in different species within
this genus, so that this measure cannot be used for a specific
identity. Its value alone as a generic feature is open to question,
since species in other genera have an esophagus of about the same
length. In ancylodirus the esophagus is unusually long, each
region being twice as long as the total esophageal length of each
other species. Attention was previously (Ward and Magath 1917 ) called,
to the fact that this species is apparently a native parasite
which has adapted itself to a new host, since it is found in the
gut of the German carp, a species intrdduced in the egg stage into
American waters. Evidence to show unusual variation in this para-
site in now offered in consideration of the long esophagus, the
variation in the size of the oral apparatus, the fact that there
are sometimes three and sometimes four divisions of the trident;
furthermore, the head bends sharply to the ventrad, conditions not
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known in any other speoies of the genus. So far material has not
been secured to make an exhaustive study of this form, hat it is
believed by the author that it is just now in the plastic state and
adapting itself to its new environment.
(4) The length of the female tail is of no practical value in
specific descriptions or for the generic characterisation as the
table shows that in a single species the length of the tail varies
as much as thruout the whole genus.
(5) Measurements of the pre- and post- vulvar regions have no
particular value for diagnostic purposes. There is not enough
variation in the lengths of these two parts to indicate a specific
value, and too much variation to justify including an absolute
value in the generic diagnosis. In general the vulva is situated
at or near the middle of the body, but a ratio of 1:1 does not al-
ways exist; this is not an uncommon condition as it is found in
many other nematode species and genera.
(6) The length of the caudal alae in the male is given in a
few species and while there is some variation, it cannot be looked
upon as being much value for distinguishing species, since it grows
during life and one can find in the table of caudal alae lengths of
6. americanus a value for this organ to cover each species.
(7) One of the most valuable measurements th t can be given
j
for the determination of a species in the genus Camallanus . is that
of the length of the spicula, because they vary so little in the
individuals of the same species and are usually quite different in
i length in different species. This is not unexpected since Looss
! and others have pointed out the fact that the spicula develop to
!
;
their maximal size just as the animal is assuming the definitive
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stat«, and they grow little, if at all^ during life, a fact which
these authors have pointed out not only for the spicula, but for
other hard parts in nematodes in general, such as the oral parts,
gubernacula , e tc
.
To sum up the proceeding paragraphs, attention should be called
to the fact that but two measurements, the oral apparatus and the
spicula, can be considered as diagnostic for different species in
the genus Camallanus
»
If these really indicate different species,
the fact is of great importance, for certainly none of the other
measurements which are usually given will separate these species
fromj^ne another. Even these two measurements while apparently
specific, obviously should not be relied upon entirely for the
identification of species, and one is wise in using also other
means
•
In the following tables some of the measurements of members
of other genera are given. These measurements are not easy to
interpret and are not very complete for all individuals, however
they represent about all there is in literature for these species,
and compriee some of the best known genera and best described
species. A discussion of these measurements will be found follow-
ing the tables.
In connection with this work it is interesting to compare
the two tables of measarements given by Breinl (1913) for a group
of individuals of Onchocerca gibsoni . He points out the difficul-
ties in obtaining these measurements accurately since the worms
had to dissected out of cysts, and often were injured, but one can
see from his tables that there is even more individual variation
than in americanus : as the esophagus and spicula vary con-
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Biderably. The ratios between the parts like those taken in
C americanus show in the same way no close relation between the
growth of the different parts, such as the length of the body and
the body thickness, length of the esophagus, spicular length, etc.
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VI. TABLE OF MEASUREMENTS OP OTHER SPECIES
Species Maximum length Len^th esonhagus in u.
Male Female Male Female Either
Triohostrongylus
retortaeformis 7.0 7.7
calcaratus 6.6 7.0
pigmentatus 7.7 10.5 550 583
fiberus 2.8 4.7
delicatus A Kft • D a n 155
instabilis 5.5 6.0
LUlUUi X,XUxLnxO 6.0 8.0
probolurus 5.5 6.0
vitrinus 5.5 6.5
extenuatus 4.4 5.5
capricola 4t • y o *o
curticei 5.4 6.2 250-275 255-290
punctata 5.9 7.5 255-360 300-340
oncophora y »u O .U 320-440 OQH A T RCOU— 4t±0
pectinata 7.0 9.0 400 360-400
Nematodirus
spathiger 19.0 29.0 400-600
digitatus 24.0 29.0 1700 1700
neotoma 10.6 22.2 335-500
Ostertagia
ostertagi Q Oif * C 665 AAA
circumcincta 8.5 12.2 500-640
v X X X U.X O <X Oil 7.0
marshalli 13.0 20.0 725-850 700-900
occidentalis 16.0 820-980
mentulata 7.5 10.0 1000 750
brigantiaca 5.0 7.0
Anc"*ylostoma
duodenale 10.0 12.0 1000 1300
conepati n nX J. . u 1000
malayanum 11.5 18. 1700
w Ojr ICIlxL Li ill 7.7 9.0 750
caninum 10.0 14.0 1130
minimum 2.4 4.5 600 800
pluridentatum 8.0 9.0
brayiliense 7.5 8.6
Heterakis
bosia 8.1 9.5 1550
putaustralis 7.6 o oo .c yiu
beramporia 5.5 6.6 750
Gangulaterakis
gan^ula 9.4 12.9 1000
J
41
Spicula length Gubernaculum Tail female
1200
90
160
80
100
70
50
90
80
in u length
a • D •
100 - 110 63
175 - 190 100
680 - 680
140 155 70-80
135 - 145 70
126 - 134 80
160 - 170 95
90 115 60
130 - 145 80
Size of eggs
in p.
80x45
70x36
62x36
59x36
85x50
76x43
90x46
80x46
90x50
80x45
95x45
135
120
240
240
145
150
300
280
1000
4540
3000
1000
4540
5420
160
160
160
175
70x32
72x30
80x30
80x36
80
170
120
200x100
97x53
190x90
220 - 230 65 140 80x40
280 - 320 90 130-160 100x50
150 - 180 70-90
250 - 280 (absent
)
200-300 200x100
290 - 320 120
700 700
210 210
2000 2000 150 160 60x30
2000 2000 180 200 55x30
3000 3000 100 130 55x30
800 800 70 160 50x30
900 900 160 200 60x30
600 600 130 88x53
65x32
1600 900 1500 75x35
550 260 2400 65x37
700 600 990 50x30
370 370 900 65x45
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Species Maximum length Length of esopha-
Male Female gus in iir
Cylichnostomum
12.0xetracanthura 9.0 400
labratum 8.0 9.5 400
labiatum 9.0 11.0 400
coranatum 8.0 10.0 400
bicoronatum 12.0 14.0 600
poculatum 8.0 10.0 800
calicatum 6.5 8.0 400
alviatum 10.0 14.0 600
catinatum 8.0 9.5 600
nassatum 10.0 14.0 650
radiatum 11.0 14.0 850
elongatum 13.0 17.0 1400
auriculatum 17.0 26.0 950
euproctus 7.0 8.0 400
insigne 12.0 15.0 800
goldi 6.0 6.7
Sclerostomum
equinum 35.0 47.0 2300
e denta turn 26.0 35.0 2300
vulgara 16.0 24.0 1500 New genus?
Triodontophorus
minor 13.0 14.0 1000
serratus 18.0 25.0 1500
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Conclusions - Part 1
(1) It becomes evident from a study of the tables that the
measurements which exist are nearly as incomplete as the descriptions
of the species themselves. If the facts in the case are as in
C . americanus these measurements will not differentiate the snecies
from each other. Even when several measurements are at hand,
some species could not be identified from others. In the cases
of iU duodenale and coneuati there is oroof for this statement.
Only when the accurate descriptions of these two species are known
can they be separated, for no major differences are noted in the
measurements of several of the most important organs. It is plain
that two spicula might have the same length, yet one may be heavy
and the other filiform, while one might be straight and the other
spirally bent, conditions which would hardly justify classifying
them within the same species.
(2) Tho the tables are incomplete, there seems to be a
tendency for the esophagus to be fairly constant within a genus,
but here and there are found exceptions. In a few cases the amount
of variation found within individuals of a species has been noted,
and here it can be seen that this variation will include to a
great extent, that within the genus,
(3) As in the case of the single genus Camallanus . so also
with other genera, the lengths of the spicula furnish the best
single characteristic. If a gubernaculum is present, the size of
it adds additional information of a specific nature.
(4) The size of the eggs is of little or no value in the
general separation of either species or genera, as the variation
within a species overlaps that within a genus or even a family.
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Diagnosis of human parasites by observation of the eggs, e.g., in
the feces, is entirely practical, for here the number of species
involved is relatively small and the eggs are recognized not by
the sixe alone, but rather by their peculiar characteristics, such
as the rough shell of Ascaris
.
the plugs at the poles in Trichuris
.
etc
.
(5) It has been shown in the case of the species discussed in
the paper, that ratios of parts and most of the absolute measurements
are quite misleading in a great many respects. Cobb has used in
his formula ratios and absolute lengths and thicknesses, maintaining
that the value of these lay in having a number of measurements and
not, as some authors give, a single item. Since it has now been
shown that organs vary so greatly, a formula for one individual
in a species will be as totally different from that of another as
it will be from a formula of an individual in another species
(Fracker 1914). In practically all the cases given in the table
where this variation has been indicated there is as much individual
variation in a species as there is in species within a genus.
Altho organs may increase in thickness as they do in length, the
ratio is by no means constant, and hence these ratios could not be
used to designate species.
(6) It must be admitted, therefore, that the lengths and thick-
nesses of organs are of little value in systematic descriptions of
nematodes, and if such measurements are excluded there remains
only the accurate morphological description of every organ and
part of the form in question . If this kind of information is
collected there oan be no doubt that it will yield results, as it
has in the organisation of other parasitic groups. Because of
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the uniformity in struoture the nematodes constitute a difficult
division of the animal kingdom for study, and muoh has yet to be
done before their structures are well known as those of other
parasitic divisions. Characters which are most constant in in-
dividuals should receive the greatest attention and these are
usually found in the anterior and posterior regions of the body.
The internal organs should of course not be overlooked, tho
interest in them does not lie in measurements but their chemical
and morphological structure.
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PART 2
V. SPECIAL ANATOMY
Cuticula
The cuticular covering of these worms is not unlike that of
oter nematodes in general appearance. Altho the worms are slightly
colored in life, this fact is not due to the presence of coloring
matter in the cuticula itself, but rather to a color present in
the "body fluid, for if worms are cut in two this fluid runs out,
leaving the worms without the red color; if kept in water for
several days, they get almost colorless, if kept in blood they do
not lose their color. The material of which the cuticula is com-
posed is
,
physically, a highly refractive substance, which may be
slightly straw colored. It is elastic and when stripped off and
moist, reminds one of softened gelatin. Reports of pigment in the
cuticula of nematodes, especially the parasitic ones, are rare and
probably due to misinterpreted facts.
Thickness . The thickness of the cuticula in these forms varies
with the age of the worms to some extent and is thinner in males
than females, tho perhaps no thinner in proportion to the length
of the worms. The table below gives the average of several measure-
ments made from average adult males and females.
Region measured Male Female
Region of jaws 1 u 3 u
Anterior third of esophagus 3 u 4 u
Middle of body 4 u 10 u
Posterior region of body 4 u 9 u
Vulva swelling 16 p
Region of bursa 4 u
Postanal region 1 p —1 p
From this it will be seen that the thickest oart of the
cuticula is found in the middle of the body and that at either
I
47
end the cuticula is thinned out. There are slight thickenings of
the cuticula extending for a short distance in the anterior region
of the body underneath the lateral cephalic ganglia and just out-
side of the lateral bands.
StriajtionjB, As in the case of most other nematodes the cuticu-
la of this form is striated (Figs. 16, 162, 184), but the striations
are not very pronounced. Striations are seen in embryos which are
only 0.542 mm. long. In the males these markings seem to be more
conspicuous than in the females and in the latter they are deepest
in the posterior region. In the largest individuals these stria-
tions are 6 apart and half so far apart in females that are no
longer than 4.6 mm. It seems probable that as the worms grow that
the distance of the striations from each other grows so that a
worm about 9.0 mm. long will have the same number of striations as
the female of half the length; the growth of the cuticula pulls
them apart. So far as I could determine these striations do not
appear below the outer layer, altho LoosS states that £hey make an
impression upon the subcuticula in A. duodenale .
Structure In americanus the cuticula is not made up of
a number of complex layers as has been described in the case of
the larger Ascaris species. Four layers are found in the largest
specimens and each one of these is homogenous. The layers have
been named as indicated by the reaction to stains. The thickness
of each layer is given as observed in an adult female.
No fibrous layer ( Fibrillenschicht ) nor supporting fibers
could be detected within the cuticula, neither could hyaline bodies
1. Outer dark layer-
2. Outer light layer
3. Inner dark layer-
4. Inner light layer
0.3 u
4.0 u
3.0 u
2.0 jti
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as described in AncTylostoma be seen. Each layer is honogenfeus
within itself and the only difference that could be detected between
the several layers is their difference in taking stains. The third
layer is divided in the middle by a dark line, indicating that it
was laid down at two different times, or in two layers, this being
also true of the fourth layer (Pigs. 13, 14).
Cuticula at different stages
.
In the embryos within the
uterus the cuticula is a single homogenous layer and is a little
over one micron thick. In a very young female about 5 mm. long
the cuticula is only 4 u. thick and shows in its structure only the
first and second layers. In a young female, after fertilization,
but with the embryos mostly in cleavage stages, the cuticula is
6 ji thiek in the mid- region of the body, the outer light layer is
formed and is of the same thickness as in the most mature females,
the inner dark layer is in the process of being formed and the
subcuticula is rather thicker than in the older forms (Fig. 15).
Staining properties . The cuticula is easily stained with
any one of the following stains among others: all hematoxylins,
orceiTQ, eosin, acid fuschin, gold chloride, thionin (weakly) and
orange G. It does not stain with methylene blue or polychromatic
methylene blue
.
Chemistry of the cuticula . A question which has come up in
the present study is that of the proper name to be applied to the
cuticula covering of nematodes. Most authors have used the word
"chitin" for this structure which is also used for the covering
and other hard parts of animals in widely separated groups, and the
question /£(h)s arisen as to the justification of its usage. There
seem to be two distinct meanings of the term, one of which is
9
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morphological and the other chemical. In morphology the word hae
been used to cover a great variety of structures for it is applied
to coverings of animals, mouth parts, spicula, linings of organs,
setae, etc. In chemistry the word has been used to designate a
definite chemical compound. Following is given a brief survey of
the usage of the word, especially as regards the group of worms,
and from which I am inclined to reserve the name for those parts
or organs which are chemically chitin, and to use other words for
substances which are not of this chemical constitution.
The word chitin was first used by Odier in 18E5 and he ap-
plied it to the material composing the covering of certain insects
upon which he was working. The word comes fro.* the Greek t ir^v
and literally means "a tunic". This early worker not only ap-
perciated its physical properties but many of its chemical properties
as well, and regarded it as being closely related to the cell
coverings found in some plants. He sums up his results in the
statement that chitin is a substance which is not dissolved in
potash; is soluable in cold sulfuric acid; does not become yellow
in nitric acid (negative xanthoproteic test); does not melt on
heating and does not contain nitrogen.
kore recent investigation has supported this first summary
of the properties of the substance, with the exception of the very
last statement, there being in the neighborhood of 6 ^ nitrogen
in chitin. It is evident that if the term be considered as a
morphological one, then only the structures which envelop an
organism can be called chitin, while if it is taken to be as chemi-
cal, only those structures which agree with this substance in
the coverings of the insects can be called chitin, in short, they
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must be composed of glucosamine and acetic acid plus an as yet
unidentified nitrogen fraction (Morgulis 1916).
Grube (i860, p. 253) who worked on the cuticula coverings in
various forms, stated that among others, Ascaris was covered with
a chitinous cuticula, just what he considered to be his evidence
is unknown.
It is perhaps due to the authority of Leuckart (1852) that all
the misunderstanding concerning the nane chit in has arisen. This
•minent parasitologist maintained that the word "chit in" was a
"Collectivbegriff " and stated that the cuticula of Ascaris (Nematoda)
and the annelids was composed of chitin. He further included in
this list many other forms which do not concern this discussion.
Altho he called the substance chitin he knew that it was soluble
in alkalis and that chitin of Odier was not, because he gives the
properties of the two substances in his paper. Other authors have
followed him in $is usage of the terms.
Goodrich (1897) recognized a difference in the substance
which composed the covering of certain worms and that of the Ar-
thropoda. In his paper on the structure of certain oligochaetes
he states that "so far as the solubilites show, the cuticula ap-
pears to be formed of a substance closely allied neither to chitin
nor mucin". In addition to this he stated that he obtained a
positive xanthoproteic and a modified Mill on' s test with the
cuticula and certain cuticula appendages of these worms.
Sukatschoff (18$9) worked on the cuticula of Lumbricus and
Ascaris
. in the former, in which he was particularly interested
he corrected the erronous statement of Grube, and said that it was
not chitin, but conjectured that it belonged within a group of
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proteins known as albuminoids.
Finally in 1902, in a paper on the cuticular coverings of
some of the invertebrates, Reichart. proposed the name cornein
.
a name first used by Valenciennes (1856), for the substance which
covers the bodies of annelids, or most of then^and Ascaris, basing
his claim on the quantitative chemical analysis in the case of
annelids and corresponding qualitative tests of both forms. With
this last investigator I can agree and present here the results of
my investigations. The form used was Aagar is lumbricoides from
the hog, since the same qualitative tests hold good for americanus
and other nematodes, the chemical composition of the cuticula is
essentially the same in the entire group of nematodes.
The material was obtained fresh, thru the kindness of Dr.
Morris M. Wells, of the University of Chicago, and prepared by
scraping the cuticula free from the underlying tissue and then
washing it thoroly in distilled water, after which it was dried to
a constant weight in an oven at 70 degrees C. Cuticula prepared
in this way gives the following results in chemical analysis:
It is insoluble in cold water, but goes partly into solution
in boiling water, swelling to some extent in either. It is in-
soluble in alcohol, ether, chloroform, or acetic acid, but swells
in the last reagent. It is further insoluble in dilute mineral
acids, but will dissolve upon standing in either concentrated
sulfuric or nitric acid. It is soluble in hot concentrated acids
and in cold caustic alkalis, even when only 1 *fo concentrated upon
standing and readily when heated to 70 degrees C. It is soluble
in ammonium hyilroxid.
According to Burge and Burge (1915) and Reichard (1902)
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the cuticula of Ascaris is digested "by the aotion of enzymes; I
have not repeated these experiments hut can see no reason for
doubting them.
Tests for the presence of uric acid, creatin and urea have
been negative, as have also been the repeated attempts to obtain
a reduction with Fehling's solution, either before or after hydro-
lysis.
With Millon's reagent the test does not result in a very
strong red color and sometimes seen to be totally negative.
Xanthroproteic and Hopkin-Cole tests are positive. With the Biutet
test a deet), purple color develops like that resulting in the pre-
sence of peptones and gelatin. The test for unoxidized sulfur was
positive. On hydrolysis no tryosin could be detected.
The total amount of sulfur was determined in two samples with
the following results:
I. 0.2318 gm. 1.25$ sulfur
II. 0.2384 gm. 1.16$ sulfur
Average 1.20$ sulfur
Total nitrogen was determined by the Xjeldahl method and the
two samples yielded;
I. 0.2020 gm. 16.90$ nitrogen
II. 0.2113 gm. 17.04$ nitrogen
Average 16.97$ nitrogen
A small amount of cuticula was boiled in water for several
hours and the solution filtered. After the filtrate was precipi-
tated with alcohol and filtered, the dried precipitate was tested
for free and combined tryptophane. No free acid was found but the
Hopkins-Cole test was still positive. A test for cystine was
also positive in the filtrate.
Prom the foregoing observations it is at once evident tot
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the substance of which the cuticula is composed is not chitin but
an albuminoid. On closer observation it becomes obvious that
chemically and physically it more nearly resembles the group of
albuminoids represented by oollogen, elastin and gelatin than any
others in the group. In all these the total nitrogen is high,
ranging around 17$ and the sulfur is usualy above 0.5$ (of course
in pure gelatin there is no cystine and hence no sulfur) altho in
my particular samples the sulfur is a little high. If the total
nitrogen analysis is compared with those offered for cornein in
other animals, it will be seen that they all are very near alike,
thus the list below demonstrates.
16.8 $ Fremy
17.06$ Krukenberg
16.76$- Krukenberg
16.60$ Krukenberg
16.97$ Magath
In addition to this the qualitative properties are the same
in all these cases. If one looks a little more closely into the
relation of cornein with gelatin, collogen, etc., he will at once
be struck by the fact that with formol all are hardened and rendered
insoluble. This is the basis for the statement (Magath 1916) that
formol in useless as a killing and fixing agent for nematodes, ex-
cept in one special technique. The result with the biuret reaction
is again significant, the absence of tyrosin, the swelling phenome-
non with acetic acid and water, and the general physical appearance
relate it very definitely to this series of proteins.
The fact that the cuticula is digested by the action of en-
zymes, is relatively low in sulfur and high in nitrogen excludes
it from the keratin series, which is characterized by the opposite
properties; the fact that it has no sugar in combination with it
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excludes a close relationship with the mucoids. To compare this
substance with chitin one should recall, the low percentage of
nitrogen present in chitin, its insolubility in caustic alkalis, its
resistance to the action of enzymes andjits glucose molecule; these
facts make it impossible to call the cuticula of nematodes chitin.
In conclusion then, the cuticula of nematodes, and as pre-
vious authors have pointed out the cuticula of most of the worms,
is composed of come in, an albuminoid closely related to the albumin-
oids of connective and supportive tissue and is a differentiation
product and not a solidified secretion (Leydig 1888 and Rauther
1905).
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Subcuticula and longitudinal lines
A. Female
The subcuticula . In general, the subcuticula of this species
is not unlike in arrangement that of Ancylostoma duodenal
e
as des-
cribed by Looss, but it nevertheless presents some interesting
deviations from that species.
No nuclei can be found in the very thin layer between the
muscle cells and the cuticula that can be sometimes seen in certain
individuals. In the oldest no subcuticula layer can be demonstrated
at all except in the thickened areas known as the longitudinal lines.
In some cases the muscles seem to be directly applied to the in-
ner margin of the cuticula. In the younger individuals there can
be occasionally seen a few strands of tissue, continuous with the
longitudinal lines, and because it lies underneath the cuticula it
has been interpreted as being the subcuticula, but at best this
layer is very poorly developed in Cj^ americanus . Because no nuclei
appear in this tissue it should be considered as being a syncytium
which embraces the longitudinal lines and certain other parts to
be mentioned in other sections of the paper.
The longitudinal lines . The anterior origin of the four
longitudinal lines, there are no subdorsals or subventrals in
this species, is very interesting and at the same time extremely
difficult to work out. Unexplained structures have been noted by
previous authors in the "head" region oj^ nematodes and even in
Mermis Rautfeer (1906) has described them briefly, but as will be
shown, correctly attributes them to special modifications on the
longitudinal lines.
Looss (1901, 1905) referred to structures, which from his
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text and figures, I consider to be homologous structures in the
Sclerostomidae and A. duodenale . He was pleased to name these
structures the "ligamentum cephalo-oesophageale" stating that this
was a structure "sui generis" and while he admits (p. 53, 1905)
that the lateral lines rise slightly in height in this region and
offer support for the cells of the "ligament", he mentions no dor-
sal and ventral connections with the subcuticula, nor does he make
it clear that he considers this structure of subcuticula origin.
His idea of the function of the structure is set forth in the
following statement: (p. 77, 1905) "it is intended to attach and
to secure the chitinous mouth capsule to the muscular oesophagus".
In his 1901 paper, Looss suggested for this structure a function
in the motion of these parts.
The description which Looss gives of these structures in
A. duodenale in not very complete, since he himself admits the
difficulty of working out the region on account of the sections
breaking out due to the hard parts of the mouth capsule, but I am
inclined to believe from the description given, that in the following
parts of C_j_ americanus I am dealing with homologous structures and
not greatly unlike those in iU duodenale .
One can see in Figures 4 and 107 four pairs of loose gfanular
masses lying in the angles formed by the lateral plates of the jaws
and the tridents. As one passes posteriorly the two members of
j
tach pair unite, each pair is therefore formed by the division of
a single structure. This union takes place just below the anterior
margin of the esophagus. The anterior ends of these pairs of
protoplasmic masses are seen just posterior to the anterior margins
I
of the jaws. As one observes a series of sections passing antero-
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posteriorly, the lateral lines appear just behind the anterior
insertions of the four giant jaw muscles as narrow bands dividing
each right and left pair. They soon send out tissue which auplies
itself around the outer margins of the lateral plates and soon
joins with the median member of each pair of granular areas. A
single large nucleus appears in each: lateral line anterior to the
begining of the esophagus. The lateral lines continue to increase
in size as one passes posteriorly until at the level of the begining
of the esophagus they branch out, tissue from them serving to fill
in the space between the esophagus and body walls and the muscle
cells. Here appear three more nuclei in each lateral line. The
tissue of the lateral lines are seen to be continuous with the
and of the esophagus in the young forms but in older ones this
tissue has formed the esophageal cap and still retains its con-
nection to that structure. The cap is iiot smooth but looks at tho
it had a scolloped border.
Fifteen micra below this level the dorsal and ventral lines
make their appearances and then in the region from here to the nerve
ring, the esophagus is surrounded by subcuticula tissue which
originates from the longitudinal lines and forms a commissure around
the esophagus. The mass of tissue is syncytial in structure but
presents very definite structures or thickenings around very large
soherical nuclei; the rest of the tissue is chiefly fibrous. Of
these thickenings there are five dorsal and an equal number in the
ventral field, the two most lateral of each represents the united
granular masses which extend anteriorly, the middle one of each
five being the inner end of the dorsal and ventral lines. Each
thickening has two large nuclei, all twenty nuclei being contained
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within a distance of 50 p.. Here and there, scattered thruout this
region, are nerve cells which will be considered in another section.
In the middle of this region appear two more nuclei in each lateral
line, making six in each before t > ey divide into dorsal and ventral
halves.
Near the end of this region under discussion appear two ovoid
nuclei in the dorsal line, there are two more sj^erical, in the
ventral hut further separated from each other. In thejregion of the
nerve ring the lines present broadened surfaces towards it. In
addition to these nuclei in the dorsal and ventral lines are two
others in each, small and just at the anterior margins of these
lines.
This tissue seems to me to represent nothing more not less
than the anterior begining of the subcuticula. It acts in this
region as support, primarily perhaps, for the nervous tissue, but
undoubtedly forms in some manner the esophageal cap in all probabili-
ty it contributes to the mouth parts, which are cuticula products
and should be formed from the same type of tissue as the body
covering; here is where the two structure^ make intimate contact
with each other. It is impossible to consider this as a ligament
for mouth apparatus and esophageal connection in Cj_ americanus
for here the chief parts of the structure lie too far posteriorly
ani from Looss' description this must be true in Ancylostoma as
well. Furthermore there are similar structures in species without
hard oral parts and these interesting thickening* of subcuticula
certainly occur in Mermis .
Roughly speaking the subcuticula fills up the region between
j
the esophagus and the body wall, the nerve ring and base of the
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oral apparatus; this is the tissue seen within this region as so
complicated a structure.
Interesting in this connection is the fact that the position
of t e nuclei and number in the various parts of this region have
been found to he constant in all the specimens examined, perhaps
as many as ten in all, bufr the fewnwss and apparent individuality
of these nuclei offer no surprising revelations in the field of
"cell constancy" (Figs. 110-114, 119-130).
The dorsal line . This thickening of the subcuticula is by
far the smallest and most inconspicuous of all the longitudinal
lines, but extends nearly the entire length of the body. It begins
anterior to the nerve ring and extends to the posterior tip of the
tail. Thruout the middle region of the body it becomes so insig-
nificant as to be entirely overlooked, but posteriorly it increases
rather suddenly and remains rather thick until within a few micra
of the posterior tip. There are in this structure a few nuclei, and
below the anus there are three, equally spaced and rather large.
The muscles in the ^o^oai half of the body send more projections
to this band than those in the anterior half.
The ventral line . This line is much more conspicuous than
the dordal one, but like it diminishes greatly in size thruout the
mid region of the body. Anteriorly it begins about at the level
of the begining of the dorsal line and has quite the same fate in
the posterior part, with the exception of becoming involve;1 with
other structures which will be taken up senarately. About the
level of the posterior fifth of the body the ventral line enlarges
greatly and is like a flat cushion extending along the mid ventral
line. In the region of the anus it becomes very wide and is even
1
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more conspicuous below the anus. There are three nuclei in this
region, equally spaced to correspond to the three in the dorsal
line (Fig, 152). Preanally there are nuclei in the ventral line,
bat they are very small and far apart. The regions of the lines
posterior to the anus have been called the "pulvillus postanalis"
in A. duodenale by Looss, but little justification can be found
for the continued use of the term, for this region is merely the
posterior part of the dorsal line and deserves no particular name.
Special modifications of this structure will be discussed elsewhere
as for example in the sections on the vulva, rectum, etc.
The lateral lines . As in A± duodenale
.
the lateral lines
(Figs. 134, 145, 149, 189, 196) of this species arise in the anterior
region of/the body as a thickened region of the subcuticula which
is undivided at first. Looss says that these lines arise shortly
behind the anterior margin of the oral apparatus in A± duodenale
which is also true of americanus . As a matter of fact they seem
to begin just posterior to the region of thejanterior insertion of
the four giant muscle cells of the jawa; below their posterior in-
sertions they are narrow but project well out into the body cavity.
Shortly behind their origin the divisional septum is seen and from
thence posteriorly they are divided into dorsal and ventral halves.
Two regions are fairly well marked out in the latefal lines.
Around the outer membrane which covers them on the interior side,
the protoplasm is very dense and granular, in this region and lying
towards the mesiad, there appears as Looss suggested, a tissue
of "softer" material and "watery". Often in older specimens this
area is totally devoid of stainable material and when there is
material present it is not unlike that which precipitates out in
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the body cavity. Around the "partition wall" the protoplasm is
thickened; no nuclei appear either in this region or in the inner
area. In the part of the lateral lines applied to the inner margins
of the cuticula one recognises the second region. In here are
found nuclei, rather large and frequent in distribution, especially
in the posterior region of the body. The tissue is decidedly of the
nature of a symcytium and very firbous in character, the St'utzfibrill
en originate here, and in larger species have been traced out into
the subcuticula and into the muscle cells; in this form the structure
are too minute to be demonstrated if they exist. Occasionally a
nucleus is seen at the outer base of the "partition wall" and these
nuclei are believed to belong to the structure K. C. Schneider
speaks of as a row of cell, "mediale Zellreihe", in Ascaris
.
being
holomogous in these species.
Diring the course thruout the length of the body, no special
details of the lateral lines need mention; in older females they
become compressed as the uterus fills with embryos, but here and
there extend out into the body cavity when not interferred with by
other organs. IJear the posterior tip of the tail the lines occucy
a large percentage of the entire circumference of the body and
have less "watery" material within them. They disappear in the
subcuticula of the tip of the tail. In young forms the lateral
lines occupy a large percentage of the body cavity (Fig. 159).
B. Males
The conditions described for the females as regards the
subcuticula and longitudinal lines are almost duplicated in the
males, but with some slight modifications, chief of which are due
to the apparent displacement of the lateral lines in the posterior

62
region of the body. These are located so that they appear to lie
on the dorsal wall, but in reality this is not the case. The
enormous development of the muscles of the male tail takes place
entirely below the lateral lines, i. e., in the ventral half of the
body, which causes them to appear far dorsad, so that they no longer
divide the body into approximately equal halves. The arrangement
of the parts of the subcuticula in the posterior region of the body
below the anus is like that in the females.
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The excretory system
Altho Bojanus and Cloquet had noted the presence of canals
in the lateral lines of nematodes, it remained for von Siebold to
first attach a significance to these organs, and it was he who first
noted that they were connected with a duct which opened on the sur-
face of the body. He however admitted the puzzling nature of their
function: "Zu welchen Zwecke das in diesen Organen abgesonderte
homogene und farblose Sekret dienen soil, wurde noch nicht ermittelt"
Subsequent authors up to the time of Schneider offered nothing of
value to the observations of von Siebold and even Schneider was
able to make only a few guesses as to the true nature of these
organs. About this time there appeared the work of Bastian in
which he stated that the whole structure came from a single cell
and compared the organs to the so-called "water-vascular system" in
trematodes. Leuckart added nothing of value to the statements
of Schneider, but upon his authority have nearly all workers since
looked for the excretory function of the nematodes in the lateral
lines and the canals connected with them anatomically.
Stimulated by the observations of Kovalesky followed by
Metalnikow, Nassanow investigated this interesting system by means
of injecting Certain substances into the body cavity and observing
the results. The second of these authors mentioned obtained chiefly
negative results; in only two instances did he observe the massing
of the stains,-he used suspensions of carmin, etc., -within the side
lateral lines. However, he noted the appearance of certain stains
in the cells of the middle intestine and was forced to the con-
clusion that while the lateral lines may play some part in the
excretory function, that the gut itself must be quite a factor in
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the elimination of certain materials from the body. Nassanow re-
peated the experiments and also noted the action of the midgut,
but was able to detect the presence of frog's blood, when injected
into the body cavity, within the canals themselves, and so attached
some importance to these structures. He, it was, who investigated
the phagocytic organs, and came to the conslusion that they are
like lymph g^y])nds, giving rise to ameboid cells which pass thru
the body cavity, collecting foreign materials and destroying it. He
is not very clear as to the final elimination of the destined
material^ but one may surmise that this also passes thru the lateral
canals or gut wall.
Golowin carried on a very extensive investigation of the pro-
blem and his results, so far as the excretory system proper Is
concerned, may be summarized as follows:
1. Most of the stains used by the former investigators are
precipitated in the body cavity, and hence their negative results
are explained. They must be in solution before they can get into
the lateral canals.
2. When colored solutions are injected they may be watched
as they pass into the lateral lines, canals, and finally out thru
the excretory pore, and the amount of excretion can be determined
quantitatively by means of the colorimeter.
3. Staining of the lateral lines in the few cases in which
it was noted in the use of suspensions, is explained by the fact
that the animals died first, this is true as well in the case of
the staining of the phagocytic organs, midgut, etc.
4. The lateral lines are engaged in the excretory process as
well as the canals.
I
.
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Looss (1905) after investigating the cervical glands in
Ancylostoma oame to the conclusion that they represent "integral
oomponent parts of the excretory apparatus", and not glands, but he
wisely reserved his finally decision of the whole matter until
further investigation of the system has been made.
One year later Goldschmidt , in his characteristic final way,
gave his conception of the system. It arises from a single cell, a
radiating nucleus lies in the left leg posterior to the arcade-
form portion. The canal is lost in a circle of nuclei in a smaller
canal, which itself then narrows before a nucleus. The two lateral
canals, lying in the lateral lines, connect in the anterior part
of the body thru an arcade, called a "bridge". There is in Ascaris
some complications of the canals in the anterior region, of no
importance here, but finally an exit is made by means of a single
ventral pore. Posteriorly the lateral canals end blindly. The
lining of the canals is difficult to describe, but looks something
like glass. There is around this inner lining a plasmatic substance,
but neither of these structures suggests in the least the excreting
cells of other forms. The tissue on either side of the canals in
each line is glandular in nature, and Goldschmidt thot that he had
recognized an excretion from them into the canals themselves, thru
small pores. The lateral lines in part then, are excretory in
function and the syncytium around them is a passage way for materials
going into the canals.
The research of Rauther (1907) is very interesting in a
comparative way. He concerned himself with the free-living nematodes
and after working with indigo carmin, found that whether it was
taken in by the mouth, e.g., with food, or thru the skin, that the
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excretion was indirect. It was finally excreted thru the gut, which
he compared to a urinary duct, and the esophagus, which he com-
pared to the Malpighian capsules. He eliminated the glands of the
esophagus as functioning in the process and found that the process
was carried on by the muscles of the organ. The chemicals were
absorbed and eliminated by the gut. He suggested that the pigment
masses in/the intestines of certain parasitic forms were stages in
the excretion process.
If Goldschmidt and Rauther are both correct it becomes interest
ing to note that in the free-living nematodes there is a marked
difference in the method of elimination of excretory products, and
such forms in the parasitic groups which do not have lateral lines
and canals, present interesting cases. It occured to the author
that there must be forms present in which the function is divided
between the alimentary canal and the lateral lines, but may function
or there may remain some indication of function in either case. The
species used in this work at once suggested a possibility, from
the anatomical relations of its parts. In the first palce there is
a divided esophagus, the most posterior portion of which is histo-
logically quite different from the anterior portion. In the next
place the bridge is in the region of the lower part. Finally this
portion is covered with an out-growth from the tissue of the lateral
lines .
The excretory system in C.. americanus
The canals themselves liw in the lateral lines, in a V-shaped
area formed by the union of the dorsal and ventral halves, which
is towards the body cavity. Here there is a thickened portion
and very granular, but devoid of nuclei (Figs. 22, 23, 134). These
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canals are in the lateral lines since their inner
boundry is always seen between the canals and the
body cavity, except where they leave to form the
bridge, to be spoken of later. The canals begin in
the posterior third of the body as blind tubes and
pass forward to about the level of the anterior fifth
of the posterior part of the esophagus, where they
each bend towards the ventral line, anastomosing
with each other; then there passes, anteriorly and
slightly to the left of the median line, a small
duct, which after making a sharp turn outwards and
mediad, opens about 0.35 mm. from the anterior tip
of the body and between the lateral cervical papillae
and the nerve ring (Figs. 131, 133, also Textfig. C).
The histological details of this system inTextfig. C
nematodes have been discussed by the previous workers of whom
ii. C. Schneider's account gives a correct idea of the condition in
Ascaris : that in jC^ americanus is not greatly different except in
certain features. It seems well to consider the canals (Figs. 136.
140) being composed of two layers, the inner of which is highly
refractive and of a substance recalling the cuticula from which it
is believed by most authors to have been derived; it must be stated
that it stains differently and does not seem to be continuous with
the cuticula in the adults. To this statement must be added that
the mechanics of getting this long bifid tube lined by the invasion
of cuticula thru a very minute pore at one end is not at all eas£
to explain, and the suggestion that it is lined with a trans-
formation product from the outer layer of its own wall is not an
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unreasonable one; in the absence of absolute embryological evidence
for either oosition the latter seems as plausable as the first
suggestion. The outer layer ( Sarc ) is almost as monotonous as the
inner. This layer is granular in nature, stains with the cyto-
plasmic stains much more intensely than the lateral lines, and often
has in it rather deeply staining granules, which stand out sharply.
These are nearer the periphery of the wall than the lumen, which
is about one to two micra in diameter.
Perhaps the granules have been mistaken by some authors for
nuclei and would account for the statement made by Shipley (1910)
that there are nuclei in this layer. One is unable to find the
best authors considerating this as a nucleated layer and it has
been shown that the whole structure proceeds from a single naterior
cell.
As the ducts pass anteriorly they enlarge, especially does
the wall get thicker, while the lumen enlarges but slightly. At
a level with the anterior margin of the intestine the entire duct
is
,
in the females, about 8 jx in diameter, while just posterior
to the bridge it is 10 ^u.
At a position whict*varies within a distance of the level of
the anterior fifth of the posterior region of the esophagus, the
right and left canals bend towards the mid-ventral line and here
lie in a thickened portion of the wall of the ducts, in a substance
known as the "bridge" (Figs. 155-140, 109). Lying to the left of
the mid-line is a single large nucleus, oval or nearly round in
shape, and 15 p. in diameter, containing a nucleolus 5ji in dia-
meter. The tissue of the bridge is continuous with the outer layer
of thelcanals and of the same histological properties, within it
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can be seen the minute lumen of the duct and the inner layer of
refractive material. On the ventral side of the esophagus where the
bridge lies, the two are in close contact with each other. The
only wall existing between them is that of the tunica propria of
the esophagus, and in some specimens even thie cannot be detected.
In either event the bridge partially encloses the esophagus on
the ventral side. Furthermore, there is enveloping the whole of the
posterior region of the esophagus a tissue (Figs. 36, 140, 144)
not unlike the outer layer of the canals and which seems to be
made of a tissue from them and partly from the inner margins of the
lateral lines. A small nucleus can be seen in this tissue between
the left side of the esophagus and the inner portion of the lateral
lines below the bridge.
Where the duct turns to open to the exterior, there is a
nucleus (Figs. 131, 132) which is located just on top of the duct
and mesial to it. Thisjis considered the nucleus of the carrying
cell of the excretory vesicle and this cell envelops the canal in
this region. It probably functions as a supporting cell as well,
since no other cell is present.
The rather suggestive histology of the posterior portion
of the esophagus and the lack of excreting tissue with nuclei in
the lateral lines as in the case of Ascaris
.
together with the
fact that the bridge and the accessory tissue are so closely
associated with the esophagus has led to a conclusion, which if
true, has some bearing on conceptions of the excretory function
of these forms.
It seems that the bridge is so closely associated with the
esophagus that the latter stands in the same relation to the lumen
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of the C8nals as do the lateral lines, and I believe from the
nature of the structure of this portion of the esophagus, that it
has to do with the excretory function, that the excretory products
instead of passing thru the lumen of the gut as Rauther found in the
case of the free-living nematodes, passes thru the tissue of the
esophagus and then into the lateral ducts in whatever fashion
this could take place in the lateral bands, whether thru minute
pores or by absorption, in which event hydrophylic proteins or
'heir derivitives should be looked for as agents. Under the last
condition the thin lining will have to be permeable, which would
increase the possibility of this system being excretory.
If one allows that the posterior portion of the esophagus
can and doesAas the excretory apparatus in part or in the whole,
these forms will be intermediate between the free-living and the
more highly developed parasitic nematodes, so far as this function
is concerned.
It is rather interesting to note in this connection that most
of the nematode parasites so far recorded from water hosts are
characterized by the possession of two or more regions of the
esophagus, ceca, etc.; forms which are found in both water and land
hosts have, to a great extent, an esophageal bulb, with this group
are numerous nematode parasites of insects with live in moist
decaying material, and some hosts which spend part of their lives
is the water; the strictly land parasites have usually a simple
esophagus. It is not unreasonable to suppose that the first forms
to become parasitized would be the wator hosts, since the free
living nematodes are ...ostly found in water or mud. If this be
true one would expect the nematodes of these hosts to be closer
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related to the free-living forms than those of the land hosts. It
is an interesting speculation and one with some foundation, to
suppose that these forms found in the water hosts represent forms
that stand below the bulbed esophageal species, e. g., the Hetera-
kidae , which in turn are below the forms with the type of the
esophagus found in Ascaris . so far as parasitism is concerned.
These more primative nematodes have retained in part, if not entirely
the function of excretion within the esoohagus and are in this
respect but slightly more advanced than the free-living species.
Interesting are the various members of the Superfamily Spiruroidea,
in which one can find varying degrees of esophageal division, some
of which ahve been oointed out by Ward and Hagath (1917).
Finally in this connection should be mentioned the rather
peculiar group of Trichosyringata, in which the esophagus is not
muscular but composed of a capillary tube, passing thru a row of
cells. These forms have very small lateral lines and Rauther (1906)
has maintained that in Mermis . a form he has studied, that the
"spindelfoermigen Zellen des hintern Oesophagus" are the vVExcretion-
zellen" o^-this form and are homologous to the ventral bridge eell
in Ascaris . Carnal 1anus americanus then would lie between the two
great groups proposed by Ward. Stevens (1916) suggests an ex-
cretory function for certain "skin glands" found in some nematodes
in the group of Trichosyringata, but Rauther 's suggestion seems
better founded both on fact and theory.
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Somatic musculature
General * The somatic muscular system presents some very-
interesting features. The muscles begin anteriorly on a level with
the ring of the mouth apparatus. Here they first appear on the
dorsal and ventral sides of the body, closely applied to the cuticula
and between the fields marked out by the tridents. The lateral
fieldj are still occupied by the four giant muscle cells which open
the jaws. Three cells between each median and lateral branch of the
tridents come into existance at once, so there are three cells in
each quadrant, the one nearest the lateral m&rgin being nearly twice
as large as either of the other two. A few micra posteriorly three
other muscles enter each field, the large cell in each case being
pushed laterally, so that the last cells entered are between them
and the mid-dorsal or ventral line, as the case may be. Other cells
enter shortly and the giant cells in the lateral lines are quickly
undermined by the fibrillar portions of the general body muscle
cells, which are large cells of the same size as those previously
mentioned. At the level of the nerve ring there are, if one quad-
rant is considered, six cells between the first large cell and the
mid-dorsal or ventral line} this cell makes the seventh, and between
it and the mid-lateral line there are two more, of which the most
lateral is a large one. Finally there enters another small one
between the last and the lateral margin, thus making ten cells in
each quadrant. This last muscle cell can be traced to the level of
the anterior margin of the esophagus, where it appears in each
quadrant and as a single fibrillar element. It remains thus until
at the level of the nerve ring it increases in size, takes on the
characteristic shape of the general body muscle cells, and pos-
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Schematic representation 3f the anterior origin of the somatic muscle cells
Near base of
the trlacus
Just below the trlacus
At the level of the nerve ring
(Lateral lines are omitted)
Schematic representation of t'-e relation-
ship between the ?arco olasmic and Fib-
rillar portions of muscle cells in
different nematode genera
schema to illustrate the action of
t' " modified somatic nuscles in
the caudal end of t^e i ale
Oxyuris Camallanu8
-usearis
Textflgare D
sesses a sarcoplasmic portion when the similar portion of the giant
cells disappears below the level of the nerve ring. The series of
diagrams shows how these muscle cells originate (Textfig. D).
On passing posteriorly the differences in the sizes of the
various cells is Jost, so that below the level of the posterior
margin of the esophagus they seem to be of uniform size. Processes
bend over to the dorsal and ventral nerves, none wjbre seen going
to the lateral lines, so that a cross section gives the impression
that they lean from the sides towards the mid-lines (Pigs. 150, 151).
In the posterior region this tendency is even more marked, where
the processes can be seen very clearly and to come into contact
with the nerve, especially the ventral nerve. As the cells are
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anteriorly of about the same height, the appearance is that of an
even circle when seen in cross section, formed by the tops of the
cells. (Fig. 131).
Posteriorly the number of cells diminishes, first in the
ventral fields, so that there are but two in the ventral quadrants
and four in the dorsal ones, at th<= level of the anus. Posterior
to the anus they are diminished further, until in the tip there are
finally but four muscle cells, one in each quadrant.
Caudal region of the male . In the males there is a very
interesting condition of the somatic muscles in the caudal end and
is evidently a modification to be useful in the act of copulation
(Figs. 17Q, 176, 181, 182).
Begining about the level of the lateral alae one can see that
the fibrillar portions of two regions of the somatic muscles begin
to elongate towards the body cavity. The two regions are found
just ventral to the lateral lines on the one hand, and on the other
hand just lateral on either side of the ventral line. At first
only one or two muscle cells are involved and so a corresponding
cell from each region onthe same side comes to have its fibrillar
portion connected and thus there extends a muscle from a ventral-
lateral to a lateral-ventral position, a cross section of the body
presenting the appearance of oblique muscles on either side of the
ventral field. More cells become involved as one passes posteriori^
so that there are about as many bridging the gap as are left between
the two, places of insertion. This means that there are more than
a fourth of all the muscles of the body involved, since the lateral
lines have already been pushed far dorsally. The nuclei of these
cells are surrounded by a small amount of protoplasm, in the center
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of the cell. This condition continues even a short distance below
the anus, then the regular somatic muscles continue and end in the
same manner as in the case of the female.
Action of the muscles in the caudal end of the males . By
reference to the diagram (Textfig. D) one can see the mode of action
of these muscles. Their contraction raises the ventral side of the
body. Normally the lateral alae stand out from the body of the
male leaving quite a little space between the right and left ala,
but when these caudal muscles contract they pull the ventral side
of the body up thus serving to bring together the two lateral alae.
These muscles are antagonized by the elas-
ticity of the body cuticula, and when they
relax the lateral alae are again allowed to
swing outward. The usefulness of this ar-
rangement is clearly seen in the act of copu-
lation. Here the male cones to lie at right
angles to the female and with the alae stradl-
ing the vulva (Textfig. E). Then the caudal
muscles contract and this nulls in and down the
alae, thus forming a firm hold over the two
lips of the vulva, which are suited by their structure to just this
sort of action. The connection is made not by the use of suction
nor by the use of cement, but rather by the mere mechanical grip
of the two wings. Of course the insertion of the spicula - either
one or two, for I cannot say whether the smaller one functions -
helps to hold the two worms together.
Here it is interesting: to digress a bit and recall the methods
of copulation as known in the Nematoda.
Scheme of position
during copulation
Textfigure E
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(1) The action of cement and a bursa. An example is found
in the Ancylostoma . where the bursa opens and closes by the action
of the muscles and also furnishes a broad surface for the application
of cement, which is the chief means of' holding the male against the
female
.
(2) The use of a sucker. An example is Heterakis in which
a large sucker exists in the male and is used to attach it to the
female. The action of this sucker, according to Schneider, is
effected by a series of muscles radiating from the bottom of the
organ to the edges of the lateral lines. Their contraction creates
a small vacuum which is released after copulation by the action of
the fluid of the body.
(3) The case given in this paper, where a mechanical grip
serves to make the male fast to the female.
There are undoubtedly other means of copulation in the
nematodes, but no others are sufficiently well known to be given
here. These three methods are dependant upon certain distinct
morphological differences in the anatomy of the forms in question
and presents an interesting field for research which may lead to
a good means of classification. The vulva of the females will
also need to be studied for t ey will furnish a clue, because it
is modified according to the modus operandi of the males.
Histology of the somatic muscle cells . These cells are, like
the muscle cells of other nematodes, composed of two portions, the
fibrillar and sarcoplasmic. In the cells of the anterior region
of the body, anterior to the posterior margin of the esophagus, V~e
latter portion is larger than the former, while in the rest of the
body they are of about equal size. The fibrilla part is in the
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the shape of a V or U, with the notch varying in depth from a
barely perceptible one, until in some cells, it appears to cut in
half the depth of the outer layer. In the fibrillar layer the
muscle bands (Muskelleisten) are placed very closely together so
that it is not possible to count the number, altho they are estimate
as being nearly one hundred in each cell (Figs. 19, 20, 134). The
supporting fibers ( Stuetzfibrille ) cannot be seen in this layer. The
muscle bands are arranged along three faces of the cell, on the
face nearest the cuticula and on the two vertical sides, so that
the bands come together in a sharp angle in two diagonal lines.
A little thickening on the protoplasm occurs around the margins of
the cells. The sarcoplasmic parts of the cells stick out into
the general body cavity, somewhat beyond the inner margins of the
fibrillar layer. In this portion one can see a very large nucleus,
oval in shape and 6 jx long, containing but one nucleolus, which
is rather large and stains deeply with hematoxylin stains. Around
the nucleus is a dark staining area, the "Gitterkoebchen" of Bilek,
which he has shown to be made up of the supporting fibers of the
cells, and from this area, in well preserved specimens can be seen
very minute fibrills, which can be traced out thru the sarcoplasmic
part of the cell. They probably pass into the contractile 1 yer
and thence into the subcuticula as Bilek has shown in the case of
A. lumbricoides and megalocephala . The sarcoplasm consists of fine
granular material, which stains a light red with van Gieson*s
stain and blue with Mallory's and Delafield's hematoxylin.
The fibrillar portion stains with picric acid and the anilin
stains, or with chrom-hematoxylin. The bands stain but slightly
darker than the ground substance of the fibrillar layer.
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The anterior cells are perhaps no longer than 0.2 mm. while
the cells are posteriorly as long as 1 mm. in some cases. A
typical anterior cell is compared with a typical posterior one in
the following table:
Place of measurement Anterior cell Posterior cell
Width 0.013 mm. 0.013 mm.
Thickness 0.020 mm. 0.015 mm.
Thickest part of
sarcoplasmic layer 0.016 mm. 0.008 mm.
Comparison with other species . The muscle cells of this
form are very much like those of Ancylo stoma duodenale as described
by Looss (1905) both as regards size and structure. It is interest-
ing to note that while this is true, there is in the Hookworm
only eigf^ cells around the body as seen in cross section, while
there are about forty in the new species. As in the case of
A. duodenale there can be several sarcoplasmic processes from each
cell, and these also anastomose with each other and seem in some
cases to come into contact with the internal organs.
As compared with the muscle cells of Oxyuris curvula (Ehlers
1899) they are quite different. Here the cells are 8.69 mm. long
and 0.51 mm. wide. There is next to the subcuticula a flat layer
of contractile material, then placed on this is a granular un-
stainable portion, and finally an intensively staining rind layer.
Each muscle cell has a nucleus.
The type of muscle cell in the larger members of the genus
Ascaris is so well known that it needs little attention here. The
contractile portion is in the shape of a very deep U with the
sarcoplasmic portion extending out from it and containinga large
nucleus with its accumulation of supporting fibers around it. These
fibers pass into the ground substance of the contractile part and
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and finally into the subcuticula. The sarcoplasmic layer is in con-
tact with the fibrillar layer nearly all the way down to the bot-
tom of the "J, which is very near the subcuticula layer. The
diagram gives the three conditions mentioned above (Textfig. D).
Schneider ' s nematode divisions . In 1860 Schnaider proposed
two names to be applied to divisions of the Class Nematoda, based
on the structure of the muscle cells. The name "Platymyarier" was
applied to all nematodes in which the fibrillar portion of the
muscle was flat towards the body cavity, typically in the case of
Oxyuris . The "Coelomyar ier" included the nematodes in which the
fibrillar portion was notched so that the sarcoplasmic part dipped
down into and between the contractile layer, which was present on
either side of the cell and on the outer margin.
Further Schneider recognized a difference in th° muscular
systems of Gordius and kermis and in 1866 he proposed the name
"Holomyarii" to include these forms along with certain other Hematoda.
However, Buetechli showed in 1873 that this division was unwarranted,;
and so there seems to be little ground upon which the term can
be used.
Cognant of the fact that there were forms in which the
muscle cells were such that they could not be accurately placed in
either the group of Platymyarians or Coelomyarians , because of so
great variation, and further that some animals were found in which
the cells were different in different parts of the body, Schneider
proposed to abandon these original names and use instead "Polymyarii 1
and "Meromyarii"
,
basing his classification on the number of cells
that appear in a crtoss section. In the former, as the name
signifies, many cells occur, in the latter there are only eight, or
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two in each quadrant.
It is evident that americanus is a Polymyarian on this
basis and on the dividing line as regards the original groups.
Ancylostoma duodenale stands about on the level with the new species
as regards the type of cell, but is a Meromyrian according to the
division of 1866.
A discussion of the advisability of continuing this classifica-
tion will be found in the section on systematic position of the
form, but it is interesting to note here that Martini (1909)
states that all Polymyarians studied by him have many cells in a
cross section of the gut, but while there are many Meromyarians
with an intestine composed of only two rows of cell, there are
not wanting those in which the intestine has as many cells in
cross section as in any Polymyarian, e. g., Oxyuris .
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Special muscles
The intestinal muscles . The intestinal muscles (dilators)
in the female arise about 0,4 mm. from the anterior end of the rectum
and extend to that level. They arise as four separate bundles of
fibers, each about 7 p. in diameter. After a rather lon^ insertion
on the inner side of the cutioula, pass down diagonally thru the
body cavity to run posteriorly along the side of the intestine, one
at each "corner", so that they lie, two in the dorso-lateral and
two in the ventro-lateral fields (Pigs. 148, 149). Their anterior
insertions are in each quadrant just between the first muscle cell
to the dorsum or ventrum of the lateral lines and the lines them-
selves .
About half way down their course each dorsal bundle unites
with a ventral bundle on the same side (Fig. 21), so that there
is a widened region on each side of the intestine and curving
around it in the shape of a horse-shoe. It is in this widened
region, on either side, that a single nucleus is foand, lying to-
wards the dorsal side of t :ie place of fusion. This demonstrates
that altho they appear as four separate muscle cells at their
origin, there are in reality only two cells that come to make up
these muscles; each lateral pair of fiber bundles belongs to one
cell, which branches anteriorly into two parts. Below this anas-
tomosis of the two bundles, each cell branches out (Figs. 150, 155)
and these fine divisions become attached to the outer wall of the
intestine. When the branches become as numerous as ten, there is
seen covering all of the branches and enclosing the intestine, a
thin fibrous tubB (Fig. 151), which binds these smaller bundles of
the intestinal muscle cells to the intestine. This tube of fibrous
j
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material extends to and i& continuous with the fibrous element of
the sphincter muscle cells, becoming along its course much thicker
than at its begining. Near this region there appear two nuclei, one
of which is always more posterior and lies a little to the left of
the mid-ventral line, (Figs. 42, 152), The outer varies in position
but is usually dorsal in location (Fig. 43). In the section on the
rectum a more complete account of these structure will be given, but
here a few words are necessary. Looss has not mentioned the
existance of such a fibrous tube as here described, but has stated
that there is a sphincter muscle composed of a small number of
fibers and a single nucleus. It seems probable that this tube
here described in reality is the sphincter, greatly developed and
serving as a means of effecting a good insertion for the intestinal
muscles, as well as for the constriction of the lower portion of
the gut. The second nucleus may have been overlooked by Looss or
may be present in americanus on account of the greater developmen
of the sphincter.
Branches from this tube pass over to the ventral line and
some few to the lateral lines, and undoubtedly carry in them the
nerves to supply this structure. Just in front of the rectum one
can count as many as thirty-five branches spreading out all around
the intestine, and these are held in place by the fibrous tube,
and partly, by the fusion to the gut wall in the very posterior
region.
As to the function of these fibers which go to the intestine
a word can be added based on their position and insertion. I
believe that they oppose the anal muscles in part and the sphincter
muscle as well. Their contraction would raise the intestine and
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at the same time expand its lumen, the anal muscles by contraction
would pull down the gut into position and the sphincter would
close it. The sudden elevation of the gut and expansion of the
lumen would of course act to expell the intestinal contents. There
is no evidence to show that peristaltic movements occur in the
guts of nematodes.
A continued contraction of these muscles would tend to inroll
the tail, a fact taken into account in the discussion of the
musculus ani. Looss states that the branches of these muscles
which partly encircle the gut in A»_ duodenale
.
by contraction
would not only open but also close the gut, an action which would
be hard to conceive in any case, much less in americanus . In
Ascaris these muscles are so placed that it would be impossible
for them to c^ose the gut, for here branches radiate all the way
around the intestine and are inserted on the cuticula (Voltzen-
logel, 1902).
In the males, the intestinal muscles are not so well developed
as theyaare in the females, and are much shorter. They are
anteriorly inserted a little above the level of the begining of
the caudal muscles and have their posterior insertions effected by
branching out over the intestine just above the rectum. However,
the branches are by no means so numerous as in the case of the fe-
males .
Musculus ani . Altho Looss described this muscle correctly
he called it "musculi anales" for which I can see no justification,
since it is clearly one muscle and furthermore composed of one
cell, which fact Looss points out; no one would speak of a biceps
as being "muscles" simply because it has two points of insertion.
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This muscle is present in tie females only and is in the
shape of a fan, spreading oat antero-posteriorly as well as later-
ally. One insertion of this muscle is along the dorsal side of
the rectum in its posterior sixth, immediately above the anus.
Fromhere it spreads out in all directions, (Figs. 147, 153, 155),
but with the main divisions running on the right and left sides
of the body, these in turn break up into branches which are inserted
on the inner side of the cuticu^a between the regular eomatic muscles).
Previous authors have called attention to the peculiar shaoe of this
muscle, which is roughly that ofnthe letter H, for between the two
places of insertion there occurs a narrow strip of sarcoplasm in
which is presentaa large spherical nucleus (Figs, 147, 153), de-
mostrating that the structure is really composed of a single median
cell.
The action of this muscle has been indicated in the section
on the intestinal muscles, and only a word need be added here,
When the gut is elevated and opened by the latter muscles, the
body is inrolled to some extent, this being true when the feces
are expelled, when the musculus ani contracts, its broad outer
insertion allows it, not only to pull the gut down into place but
to straighten out the tail as well. Thus these two sets of
muscles are even more closely related to the general somatic
muscle cells in function than has been suggested by previous
authors
.
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The digestive tract
A. The oral apparatus
Altho the oral parts of the genus Carnal 1anus are so /very
characteristic and prominent, none of the previous writers have
given good descriptions of them or have interpreded their functions
aright.
Historical . The earliest description which was available
to the author was that of Rudolphi (1809) who wrote of the structure
in the following manner: The mouth (the principal food passageway)
is globular and longitudinally densely striated, with a posterior
apophysis, short and extending transversely, which s eems to end in
two short internal hooks, obtuse and incurved. There are two
other external, longer and decurrent ones; or if the total ap-
paratus (vasa) is short, the hooks seem to be set into the intestine
As for the shell (cucullum) itself, it does not entirely fill up
the body, a part is empty and appears clear, which is called the
clear spot (macula pellucida), a peculiar organ but not considered.
The next author to describe the structure was Dujardin (1845)
and his meager account of the apparatus of manducation is that it is
formed of a shell, with a shortvtransverse bar at its base, and
two intermediate pieces forming a longitudinal body with two or
four divergent, oblique and posteriorly directedjbranches
.
In Schneider's monograph (1866) appears the following des-
cription: The mouth is slit right and left, occupying the entire
region of the head; it is built into a thick capsule, somewhat
elliptical, more circular posteriorly and opening into the esophagus
in a cross-shaped opening. On the internal surface of the capsule
occur a number of ridges or teeth, parallel and forming small

86
teeth on the margin of the buccal orifice. The sides of the cap-
sule are not equally thick; in the anterior part of each side, they
are reduced to a thin membrane. The dorsal and ventral portions,
which are brown and thick, give to the eye the apoearance of two
opposed shells. Behind the capsule, on each side, one sees an
apparatus of three branches, made of the same substance and con-
tinuous with the shells. These prolongations are morphologically,
and withour doubt physiologically, of the same nature as the ap-
paratus with the three branches in Filaria pungens
.
which they
resemble. The trifurcated apparatus is situated, not in the
esophagus, but outside of it.
Perrier's description is more lengthy and while superficial
and incorrect in
0t>
/>'. V/r/tsc.v fa/rca/cs e/w C/ustt/ZantF.
Textfigure F
some respects, gives
the best idea of the
structure. His fig-
ures are copied in
Textfigure F. He
writes: In the first
place the two buccal
valves are very
evident and are not
simple in appearance,
due to the thickening
of certain parts of the vapsule, analogous to the cephalic capsule
of the strongyles and related Nematoda. These valves are perhaps
joined to each other by a membrane; like different bones are
joined; as no one would consider two adjoining bones as having been
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formed at one and the same time, so in the case of the capsular
articulation. We believe that the formulation of the opinion of
our adversary of the present moment, Schneider, allows the entr-
tainment of strange-, preconceived, morphological ideas held in
regards this genus and the strongyles.
Each valve is composed of a part, more or less semi-elliptical,
concave towards the interior and situated anterior to the esophagus:
it is the active parts of the mouth; inferiorly this part is pro-
longed into a sort of median point, rectangular, short, somewhat
transparent ,aand engaged in the esophagus where one can easily
distinguish it. On each side, the two valves are separated, the
one from the other, by a chitinous nodule, one which they are
simply supported by their infer or angles, and is not made in so
sharo a fashion as the body of the valves; on the inferior side
this nodule rests on the superior margin of the esophagus. It
gives origin to two kinds of chitinous structures:
(1) Three lateral branches which are spoken of by other
authors
•
(2) Two transverse chitinous bands, a superior one, and a
ventral inferior one.
These chitinous bands unite the two nodules, making an
absolutely firm contour. Each band is formed of three parts, of
which the tv/o laterals are convex towards the exterior, while the
middle scallop, weaker and less colored than the other tv/o, is
convex towards the interior and supported at its summit on the
middle of the inferior border of the corresponding valve.
These are the analogues of the two chitinous bands, which
Rudolphi wished to call the apophyse, as he designated this trans-
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yerse bar. Jnfortunately , the oecularities presented by this bar
in our species is not recognized by us, and its physiological role
has completely escaped helminthologists in illustrations, as it
has escaped those who have occupied t lemselves with the form from
the perch only.
The lateral branches are three in number on each side; with
a length of 60 ji. Of these branches one is median and unpaired on
each side; the other two are symmetrical and formed in consequence
of a sort of angle whiehthe median brance bissects. This last
branch is straight, pointed at its summit, oblique from before
and behind, and from within outwards, in respect bto the axis of
the body; it is found immediately in contact with the sides of the
body, which it serves to support. The other two brenches are
strongly curved and divergent, one is high end interior, the other
low and largely exterior. It is a little underneath their junction
with the chitinous nodule from which the apophysis arises. Each
of these nodules terminates in a large sv/elling of chitin, in
which is inserted a large muscular cord, which passes from before
backwards and from without inwards towards the axis of the body.
Onejcan distinguish very clearly four muscular cords among the lon-
gitudinal muscles of the body and among the cords wich unite with
the esophagus, with the sides of the body and the chitinous branches
themselves
.
Perrier thought that if the muscles attached to the posterior
tips of the prongs should contract, they would tend to pull to-
gether the posterior tips and because the middle scallop was weak
it would give in, allowing the anterior margins of the valves to be
sprung open. When these muscles were relaxed the simple elasticity
4
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of the material, it being under compression, would cause it to
resume its normal shape. Out side of this explanation, which
will be shown to be totally incorrect, there is in literature no
explanation of the action of these parts, so far as my information
goes. Before going into that it is necessary to give a full ac-
count of the exact morphology of the parts of the oral region.
Description of the oral apparatus in Camallanus americanus .
Judging from either the
.
jtext or the figures of the earlier authors,
there is some confusion as to the position of the two lateral valves,
as I shall designate the most prominent structures of the mouth
region. Altho it is difficult to tell from the poor figures given
by Rudolphi, and there is no statement in the text, it seems
probably thc..t he considered the valves as being dorso-ventral in
position. Schneider and Perrier certainly considered them as
being in this position as well as does von Linstow, if one is to
judge from his figures. Railliet and Henry (1915a) give as a
generic character the position of the valves, which they state is
dorso-ventral. Dujardin and Seurat have correctly ststed that they
are lateral, and with these authors I agree, reference to the figures
and descriptions will prove this contention.
Authors have applied various terms to the description of these
valves; sone are: kappenfoermigen Mundkapsel (Goeze), cucullo
striato (Rudolphi), coquille (chaperon cucullus Rud.) (Dujardin),
valves buccales (Perrier), camail d'apiculteur (Railliet and Henry)
and Seurat refers to them as being "buccal valves shaped lake the
valves of pecten. This last phrase very nearly describes them,
for as viewed from the side they present a very c^ose resemblence
to these shells, except they are a little more convex (Figs. 1, 2,
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95-99). These two valves, of which there is e right and left one,
are united in their posterior half ; a cross section in this region
shows a complete, rather oval-shaped structure of valve substance,
(Figs. 4, 107, 115). A section taken more anteriorly shows they
are free of each other, and appear as two jaws {Pigs. 3, 106). The
whole apparatus is a golden brown color. These valves appear longi-
tudinally striated which is due to the Dreserce of ridges oroject-
ing a few micra towards the interior. The number of ridges varies
a littel.in different speci^^is and in the regions of the valves,
so that a section taken near the posterior region will show six
ridges and as the sections are examined anteriorly more ridges make
their appearance wutil there are ten or twelve in all, divided
into two fields, so that t> ere is a little distance in the middle
in which there are no ridges. Near the anterior margin of the
valves these ridges suddenly increase in depth so that the end
shows little hooks formed which project out into the buccal cavity
as rather sharp teeth (Fig. 106). The anterior median margin of
the valves is notched in the shape of a U. From either side of this
notch (Figs. 1, 6, 9, 111) the anterior margins oass off in a
slight curve, which proceed posteriorly and dorso-ventrally ; at
the point where the valves are united to each other is the widest
part of the jaws, it being in each female 0.160 mm. and 0.120 mm.
in each of the males. Another curve which forms the posterior
and lateral margin of the valves passes posteriorly and to the
mid-lateral lines; it is along this line that the two valves are
united. Posteriorly (Fig. 108) there is a round hole which opens
into the esophagus. The valves are made up of two layers, varying
in thickness in different regions but around 7 u, except along the
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line of union where they are half so thick. Length: in the males,
0.089 mm., in females, 0.105 mm.
Around this posterior hole is placed a ring (Pigs. 12 t 110,
111, 112) which is made of the same substance as the valves, as
all other parts seem to he. This ring is thin and curved so as to
fit down over the anterior margin of the esophagus. It is about
0.100 mm. in diameter, and is rather tightly joined to the valves
but can be carted with a needle and then breaks off smoothly. In
the fourth stage the ring is formed, but appears more curved over
the esophagus, perhaps when growth of the esophagus takes palce it
pushes the ring up and straightens it out, at least it gives one
that impression.
Both of these parts described lie well within the body of
the v/orm and no where do toey touch the cuticula save at the most
anterior margin, where the valves are in contact with the inner
margin of the thinned cuticula which runs up just over the edge of
the valves to end on a level with their inner surfaces, and again
at the widest place in the valves (Figs. 4, 7, 8).
The third important structures of the oral resrion are two
sets of three posteriorly directed spikes (Figs. 1, 2, 10, 90)
known as the tridents. These lie one dorsal and the other ventral
in position with the posterior ends radiating out, so that the
total amount of circumference included between the points of each
set in over one fourth of the total circumference of the animal f s
body in this, region. Each of the tridents is constructed as
follows: The anterior margins of the three spikes are brought
together into a solid nodule which is hollowed out on the interior
and fits over the region of the valves where they are united, this
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articulation looks very much like that made by the humerus with
the scapula and may be spoken of as a ball and socket joint, how-
ever the juncture must be well made because it is not an easy
task to separate them from the valves, except by special treatment.
Prom this socket the three spikes radiate and about half way of
their length push into the cuticula itself, so that they lie for
the rest of their way in the cuticula, between the two chief
divisions, the points firmly embedded within it (Figs. 119-122).
The middle spike runs exactly mid-dorsal or ventral, as the case
may be, and is nearly square in cross section, coming to a
point at its posterior tip, and being in the males 0.080 mm. long
and 0.105 mm. in the females, The two lateral ones are almost
oval in cross section and have a slight swelling on their posterior
ends; they are about the same length as the middle ones.
Two other kinds of structures are present in this complicated
apparatus. The first of these to be mentioned are the so-called
papillae of the earlier authors, and here called the anterior
wings (Figs. 9, 106, 2, 116). These are a right and left pair
firmly attached to either valve just posterior to the anterior
margin. Each wing is attached by its inner margin to the valve and
the rest is free, extending laterally for a distance of four to
six micra. Their shape is roughly that of the wings of a beetle
and are drawn from a top view and slightly stretched out in the
figures. They are about one micron wide.
The last structure to be described is the pair of valve
covers (Fig. 11) never before referred to in literature. There is
one to cover each valve and is triangular in shape, with the apex
rounded, medianally notched and placed anteriorly. The whole
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structure is very thin, but apparently made of the same material
as the rest of the apparatus. The sides as well as the base are
curved inwards. The two basal corners are pointed and are weakly
attached to the inner margin of the socket Of each trident. The
The anterior margin is strongly attached to the anterior outer
region of the valves, just below the insertion of the wings. The
covers are curved to fit, and lie closely applied to the outer
surface of the valves.
Composition of the apparatus . The next point of interest
concerning this structure is the composition of the substance of
which it is made. If worms are treated with concentrated caustic
alkalies the entire worm, including the cuticula is dissolved on
standing, or immediately on boiling, except the mouth apparatus.
This remains in tact so long as strong currents do not break it
up into its several parts. The easiest parts to come off and those
which do so first are the tridents, then the covers, thenthe
ring. The wings and the two valves always remain in tact and none
of the parts dissolve so far as can be detected with the aid of
the microscope. It should be said that while the head parts have
been kept for days in very hot alkalis they have never been
boiled in experimental tests, since they are so small that it is
not practical to recover them after such radical treatment. It seem
evident enough then that the oral parts are not of the same
substance as the cuticula. The fact that they are no soluble in
hot concentrated alkalis is quite suggestive, as this is one of the
chief characteristics of chitin. Every known test for chitin has
been tried on these structures and each gave negative results,
but since these structures are so deeply colored, I am under the
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impression that should the purple tint be formed it could not be
recognized. Until enough material can be obtained to make a
chemical analysis I cannot say what the substance really is. The
only absolute way that could be used to show this apparatus was
made of chitin would be to isolate glucoseaminehydrochlorid from
it and this is impossible with the present method known. The fact
that it is soluable in acids makes it certain that it is not
keratin, and considering its color and the fact that itvis in-
soluble in concentrated alkalis, it seems rather probable that it
is made of chitin.
Mechanism and physiological significance . The last point of
interest is how does the apparatus operate and what is the physio-
logical significance of the whole as well as the parts. In begining
this answer it is necessary to look at the pathological picture
presented in the intestine of the host. If the intestine is sectio-
ed with the worms still attached it wilj be seen that the ability
to hold onto the wall is developed to a great extent, which fact is
obesereved in nature when they are pulled off of the gut for study
or preservation; the amount of traction necessary to dislodge them
is remarkable. Within the mouth and filling up nearly the whole
cavity will be found a plug of intestinal mucosa (Figs. 117, 118),
the shape of the oral cavity. Where the plug is in contact with
the rest of thewall, the cells show a great degree of distal
suet ion-re suit, so that they are compressed and the nuclei drawn
towards the plug. No marked edema seems to occur at the foci and
comparatively little accumulation of leucocytes. At the proximal
end of the plug, the end hooks of the internal valvular ridges are
seen firmly embedded in the tissue.
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If a worm is taken from the wall of the intestine and olaced
with a piece of the gut under a binocular and watched, it will be
seen to go thru very characteristic motions which finally result
in its attachment to the wall. Sometimes this will take place
within a few seconds and the jaws can be seen to open and close;
a motion can be observed whereby the jaws are made to rock upon the
tridents. The power of motion and the ability of the jaws to attach
themselves to the intestinal wall is duB to the presence of a
right and left pair of muscles (see figures of mouth parts), each
composed of two cells, so thr t there are four cells in all. In a
addition to this there is the fact that the jaws are kept from
being pushed posteriorly by the firm attachment of the tridents
and the fact that there is a powerful suction exerted upon the
tissue by the esophagus.
These four muscle cells have the following positions and
take their names from this fact: right dorsal and ventral and left
dorsal and ventral. The anterior insertions of these is at the
anterior margin oftthe valves, where there is yet no sarcoplasmic
process and where they are closely applied to the wings, which
help in supplying insertion surface. Here the fibrillar portion
is in contact with the wings and the valves on the one hand, and
with the cuticula on the other, the muscles being between the
cuticula and the valves. Just below the attachment of fibrillar
portion of the muscles, they break away and thus the most anterior
part of the valves is the only nlace of insertion, this gives more
leverage as will be seen later. The sarcoplasmic portion appears
between the fibrillar portion and the jaws, and the nuclei of
each cell is seen on about the level of the buccal ring. These
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muscles extend down the lateral margins on either side of the very
narrow lateral lines, the sarcoplasmic portion extending a little
below the nerve ring and to the level of the lateral cervical
ganglia. The fibrillar oortion continues only to the nerve ring.
These cells are enormous as compared with the other muscles of the
body, they being 0.080 mm. wide andtthe sarcoplasmic process being
0.030 mm. in thickness.
These being longitudinal muscles, on contraction they pull
the anterior margin of the valves open, because the tridents prevent
ant backward traction, being firmly held in the cuticula. The
thinning of the valves at the line of juncture, and the fact that
they are convex provides a lever which is made use of by these
muscles. If only one pair of the muscles is contracted the valves
will rock upon the tridents and this motion orients the mouth with
respect to the gut wall. Thus attachment is made by the rocking
of the valves to get the mouth in position, correlated contraction
of the two pairs of muscles to open the jaws, suction by the s
esophagus, and relaxation of the muscles when a portion of the gut
in in the mo^th. Of course the normal motion of the worm's body
helps to keep to mouth in close contact with the intestinal wall.
Once the mouth surround a plug of tissue, the hold is made more
effective by the anterior hooks, for these work somewhat like the
barbs on fish-hooks. The only function of the ring seems to be
thatvof support, for it furnishes a large surface to fit over the
end of the esophagus.
It would seem then that the explanation of Perrier is in
error, chiefly from the fact that he was ignorant of the exact
structure of the parts of the oral apparatus. The prongs are not
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oonnected to a "middle bar", but the "ring" really belongs to the
valves, is well joined to them and is developed before the tri-
dents. The tridents when they are developed come from a region at
the extreme lateral margins of the valves and not from this ring.
In the next place there are no muscles connected to the ends of the
so ikes of the tridents, an error carried by Railliet and Henry even
in 1915. These are so firmly embedded in the cuticula that they
are not capable of motion and by this very fact make it possible
for other parts to move. The restoration of the apparatus after
opening is in truth due to the elasticity of the structure, but
not to "the middle of three scallops" which do not exist, but to the
elasticity along the line of union of the valves.
Some other points regarding this interesting mouth apparatus
will be discussed in other sections of the paper, in particular
as regards its condition in young specimens, to which the reader
is referred.
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B. The esophagus
General . The esophagus of nematodes has been suggested by
previous authors to be of importance both from a phylogenetic and
an ontogenetic standpoint. This type of esophagus has been said
by many to be characteristic of the group of Nematoda, and so far
only one kind of exception has been found, and that in the division
made by 7/ard (1917) as the Trichosyringata . In this group the
esophagus is a capillary tube, enclosed within a row of cells,
a condition which is not very well understood even today. The fact
that the esophagus reaches a maximum length early in the growth
of the individuals in certain species at least, makes this organ
of some value in identification and its constancy within a given
genera shows that it is subject to little variation thruout
different species within a genus. Taking it all in all it seems
that the esophagus should be considered as a very important organ
in the nematodes, and its shape, size and structure should be given
in descriptions of these animals.
In americanus there exists two portions of this interesting
organ (Fig. 99), which divisions are called the anterior and the
posterior parts or regions. As evidence for considering these two
regions as belonging to one structure, I offer the following con-
siderations :
(1) The outside covering, t e tunica propria, covers bothe
regions as a continuous structure.
(2) The inside lining is of the same structure and substance
and continuous; it is tripartite in both.
(3) The muscles and nuclei are arranged alike and have the
same histological elements in both regions.
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(4) No valve exists between the anterior and posterior regions.
(5) There is a typical valve between the posterior margin
of the posterior portion and the intestine, just as found in all
other nematodes studied for this particular structure,
(6) The dorsal gland is continuous in both regions.
The usage of the expression "first and second esophagus" is
misleading and is on the whole an unfortunate one.
The anterior portion . The anterior portion is, to follow
Cobb's nomenclature, conoid in shape but expanding very gradually
towards the posterior portion, until it is about as thick as anter-
iorly; rounding off, it presents a nearly straight margin where
the posterior portion begins Fig. 17). There is no evidence that
esophageal torsion exists in this soecies as in the case of
A. duodenale .
This region is lined thruout with a substance similar in
appearance and staining reactions with the cutreula and it, like
the latter, dissolves in alkalis; in these afcts it Affers some
evidence for considering it as being formed by the invagination of
the external cuticula as most authors have held. Owing to its
size and position I have been unable to obtain enough of it for an
analysis. Its solubility in alkalis and its failure to respond
to a chitin test removes it from consideration t ere, altho nearly
all authors have called it a "chitinous lining". Anteriorly the
lining is in the shape of a circular layer, and narrows down like
a funnel, until a few micra posteruior to its anterior opening,
which is within the field of the mouth apparatus ring, it changes
into a triradiate shape and encloses a very small cavity. This
"funnel" (Looss 1905) is composed of a substance which is con-

100
tinuous with the restvof the lining (Figs. 6, 111), altho it ap-
pears set off from it, staining very deeply and being much thicker.
Anteriorly it abuts the lower margin of the jaws, as tho it was
at one tiue continuous with them also. This region of the lining
seems to act as a cap (Fig. 119) for the anterior portion of the
esophagus as well as a lining. From here on the lining is tri-
radiate and six thickening appear, two on each third, and at the
center of each field. They are oblong in cross section, and are
like ridges extending almost the entire length of the anterior
portion of the esophagus. The lining is further thickened at the
juncture of each side, this acting as a hinge for opening and
closing the lumen. These thiekings get larger posteriorly and
just before the begining of the posterior region they become
smaller, disappearing entirely 15 u anterior to this level; the
triradiate lumen continues then to the posterior margin of the
esophagus (Figs. 24-28 give a series of views of the lining, drawn
on the same scale).
The marginal thickenings are for the insertions of the mar-
ginal muscles (called so by Looss (1905)) as well as serving for a
hinge, and these muscles appear as a small group stretching out
from this inner insertion to the tunica propria. The nuclei of
these cells lie in grouos of three at the same level and there are
two such groups, so that six nuclei are found in these muscles.
The protoplasmic strands with them are sarcoplasmic, and tloe nuclei
lie half way between their two insertions.
The other set of thickenings are for the insertion of the
ordinary muscles of the esoohagus, which are more numerous than
the marginal fibers and usually stain a little darker. Their
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nuclei appear in groups of six at one level, two nuclei in each
field; being three groups, ther are in all eighteen nuclei for these
muscles. The marginal and the ordinary muscle cell nuclei alternate
with each other thruout the entire esophagus. The latter nuclei
lie a bit more peripherally than the former, in most cases. The
sarcoplasm of theseecells is more abundant than in the marginal
muscle cells (See Figs. 30, 141, 142 for the structure of this
region of the esophagus).
A gland lies in the dorsal third of the esophagus, which will
be discussed in another section of this chapter.
The action of the esophageal muscle cells is obvious. Their
contraction opens the lumen and in living specimens this can be
seen, and that the entire lumen opens at once. The elasticity of
the lining closes the opening. The marginal muscle cells keep the
lumen in position and so have a kind of supportive function as well
as helping in the opening process.
The posterior region . This part of the esophagus is made up
of a different looking tissue than that found in the anterior
portion. The general shape of this region, which is cylindrical,
is shown in Figure 16 where it can be seen to be of nearly equal
diameter thruout, being slightly swollen in the anterior region
and expanding up to its widest parts fromaa narrowed portion j :st
behind the anterior enlargement.
The tunica propria of the anterior portion of the esophagus
extends over the posterior portion, somewhat invading the tissue
between the two regions, serving to set them off from each other
(Fig. 30). The lumen of the two regions, as has been remarked
before, is continuous, the characteristic lining of the anterior
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portion giving way to a simple triparted lining with no soecial
places for the insertions of muscles in the posterior region. This
lining extends to the end of the valve.
Four different kinds of tissue can be recognized in this region
of the esophagus.
(1) The sarcoplasm of the dorsal esophageal gland, with its
single nucleus, will he treated under a separate division of the
paper.
(2) The second tissue is of a nature not greatly unlike the
muscle cells of the anterior portion, and I consider them to be
weakly developed muscles for the opening of the pesterior lumen
of the esophagus. In this tissue can be swwn small nuclei (Figs.
31, 36), with a single nucleus in each, near the lumen and therefore
near the insertion of the muscle fibers of the ordinary muscle cells;
there are also marginal nuclei. The arrangement of these nuclei
follow the general rule of the anterior portion, Just posterior
to the anterior tissue cone (see below) there is a set of three
marginal muscle nuclei, further down there is a group of six nuclei,
two in each field; posterior to these appear another group of
three marginal nuclei and then the number and arrangement is not,
so far as I could find, constant in the individuals examined. There
are usually several (2 to 6) scattered nuclei, sometimes apparently
marginal and sometimes ordinary muscle nuclei; perhaps typically
there is another group of six, following the general rule, but have
been overlooked for some reason.
The ordinary muscle cells are inserted in the middle of each
side of esophageal lining and have their outer insertions along
the tunica prooria, spreading out more like a fan than do the cells
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of the anterior region. The marginal muscle masses are, as in the
anterior portion, inserted at the angles of the lumen. While these
two different kinds of fibers are made out in the best preparations
and by following thru series of sections, specimens show some
variation in the distinctness of these two kinds of fibers, and
more than that, there are often insertions of muscles all alone- the
lining of the lumen, with fibers radiating out to the inner side
of the tunica. The muscle fibers stain deeply and show a fibrous
structure with little or no granular material. There are perhaps
no more than twenty nuclei in this tissue.
(3) A third type of tissue is confined to a region in the
anterior region of this general part of the esophagus, and is in the
shape of an inverted cone (Figs. 30, 34). This tissue, a syncytium
is very granular and stains deeply, lies in the center of the
esophagus around the lumen and just posterior to the division
between the two regions. There are twelve nuclei within it, three
in each of the three fields. These nuclei are a little larger
than the muscle nuclei, and each has its nucleolus. There are
numerous vacuoles in the esophagus surrounding this plug of tissue
and muscle fibers invade some of this region. The function of
this region is unknown and no suggestion so far can be advanced
until a further study is made of it.
(4) Concerning the last type of tissue I feel more certain.
This also is granular in nature and not very closely packed to-
gether, is made up of larger granules than in the proceesing case,
but they stain very lightly. This tissue fills ut> all the space
not occupied by the others so that there is considerably more of
this type than all the rest put together (Figs. 31, 36, 35, 43, 44).
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One very interesting fact is its composition of bat two cells,
their nuclei lying one in each of the two sub-dorasl fields of
the esophagus in their posterior tenths(Figs. 31, 35, 143, 144).
These nuclei (Fig. 37) are shoerical in shaoe with a spherical
nucleolus in each. The nucleoplasm is highly granular and the nuclei
stand out sharply as black staining bodies. This tissue, or rather
these two cells, I consider to be involved in the excretory function
of this animal. There is in the third division (dorsal) anterior
to these two nuclei which are on a level with each other, another
large nucleus belonging to the dorsal gland and by comparision
with the other two seems to be quite different not only in being
smaller but also in being ellipsoidal. In the table below the
measurements of these nuclei are given.
Gland nucleus Size Volume
Gland nucleus 0.0083 x 0.0140 mm. 0.000001182 cmm.
Excretory nucleus 0.0161 0.000002245
Gland nucleolus 0.0050 0.000000065
Excretort nucleolus 0.0061 0.000000108
The histology of this part of the esophagus and the small
number of nuclei, prevent it from being considered a gland, but
rather favor its being concerned with the excretory process, es-
pecially when its relation to the rest of the excretory system is
considered. Just how the esophagus functions in this process is as
yet unknown to me, bat from a theoretical standpoint it seems possi-
ble to imagine the escretory products of the organs to be passed
into the bosy fluid, and then taken out from here by the action
of the two giant cells of the esophagus, to be given up into the
bridge and accessory tissue and finally into the excretory ducts
themselves. This would presuppose a discriminating action on the
part of the esophagus against the food materials which must be

present in the body fluid, bat this assumption is not at all un-
reasonable, sincetthe same thing has been observed in the cells of
etery paint and animal known.
A rather interesting erroe is found given by Stephens (1916).
He writes: " In others ( Cucullanus (now Camallanus ) . Ascaris . etc.),
a tube, the so-called glandular stomach, lined only be epithelial
cells, follows behind the muscular esophagus. This glandular
stomach is, from its structure, easily distinguished from the mid-
gut, or chyle intestine, which is like-wise cellular". Prom the
foregoing study it is evident that for Camallanus
.
at least, this
statement does not hold true.
The esophageal gland . Like most if not all nematodes,
this species has a dorsal esophageal gland, but glandular tissue is
in no other field of the esophagus. This gland extends from the
very posterior margin of the esophagus to with in a few micra of
the anterior margin of the anterior region.
Anteriorly there is at its begining an expansion of the
glandular tissue which includes most of the entire dorsal field
and here a minute dust from this gland empties into the esophagus
in the mid-dorsal region (Fig £9) between the two dorsal thickenings
of the lumen; this duct continues thruout the entire gland, lying
in its central region. Posteriorly the gland narrows, occupying
an elongated ovoid area in the mid-dorsal line. At the juncture of
the two regions of the esophagus the gland narrows greatly but
expands in the posterior region. Thruout this regiong the gland
is larger than in the anterior region and here and there can be
seen little knob-like projections on either side, but these
never extend beyond the area of the dorsal third of the esophagus.
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Very near the posterior end of the gland t^ere is a large
ellipsoidal nucleus (Pigs. 37, 140) with a single spherical
nucleolus, their sizes being respectively 0.0083 x 0.0140 and
0.0050 in diameter. In some cases the galnd seems to extend down
into the dorsal member of the esophageal valve.
The sarcoolasm of the gland is rather hard to analyse (Figs.
36, 29, 140, 142). In sections stained with Mallory's, t^e gland
is colored red, due to the fuschin, while the rest of the tissue
in the esophagus is colored from a purple to a deep blue. The
gland stains with thionin, as also a little tissue within its
immediate neighbourhood. In any good preparation of the gland
can be seen a structureless outer membrane and an inner granular
portion. The granules are large and relatively few, so t-^at there
are open spaces within the gland. There must be a rather large
amount of hyaloplasm present in the gland. Around the nucleus the
granules are more numerous.
As to the function of the gland, of indeed it is a gland, I
can offer no suggestions other than those made by orevious authors.
These particular worms being blood suckers, suggests an hemolytic
or anticoagualtion function for this, gland, yet the opening of the
gland duct is oerhaps to far posterior to the mouth to favor this
view. It seems more logical to. agree with those authors who think
this structure is a digestive gland, altho the evidence is by no
means plentiful and referring to it as a "salivary gland" is
certainly open to critism.
The esophageal valve . In all nematodes studies in this res-
pect, there has been described some kind of a valve between the
esophagus and the intestine, and most authors have called itvthe
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"esophageal gland". On the contrary Looss (1905, }.911 ) has claimed
that this is really an "intestinal valve" and is here formed hy a
telescoping of parts in this region. Lane (1916) atates that this
is true in the genus Ancylostoma . Looss has even gone so far as
to locate four cells in the anterior portion of the intestine of
the developing Hookworm larvae which he claims give rise to these
valves, altho I can find no complete history of these cells given.
He (1905:91) bases: his claim on the following statement: "The fact
that, in the valvular apparatus, as in the intestine which follows
it, only two cells aopear in cross section, while, in the esophagus,
three cells are always found composing such a section, indicates
that the whole apparatus is to be regarded as a product of dif-
ferentiation of the intestine", yet he admits a three-cell arrangement
in the rectum. However, he states else where that the inner lining
of the valves is continuous with the esophagus and thus "we see",
writes the author (page 90), "that the outer tunica propria of the
esophagus does not unite with its inner lining but that thea?e is a
direct connection between the tissue of the esophagus and the
valves, the connection taking place on their inner edges". Even
his nuclear counts he admits were made under difficulties and
noted considerable variation in their number and position.
In americanus there exists at the posterior margin of the
posterior part of the esophagus a structure which I wish to call
the "esophageal valve". This structure is remarkably like that
described by Looss for iU duodenale . It is composed of three
valvular projections (Pigs. 31, 33, 136) which are well in the
lumen of the intestine. Each projection is composed of the muscular
tissue of the esophagus plus its own eell which is granular and
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stains lightly. Each third possesses a nucleus of medium size
which can be seen in good preoarations . Around the three members
of the valve there is a sphincter muscle, containg one or two nuclei
(Figs. 32, 33). The cells of the intestine come up around the valves
covering the groove around their bases but d£ not cover jjieir free
margins ; these project in the gut lumen. The lining of these mem-
bers is continuous with the esophageal lining and they are some-
what setvoff by its invasion between the esophagusjknd the valve,
which is not so complete as to cut it off. Each projection re-
presents the most posterior part of its respective third of the
esophagus
.
I can see no justification for assuming, in my form at least,
that this valve is intestinal, and on the other hand very good
ground for believing that it is an esophageal strucy/ure. In this
I agree with Cobb (5.898), Quack (1913), Railliet and Henry (1915),
Lane (1916) and others. The fact that they are continuous with the
esophageal syncytium, that they are lined with the continuous
layer of the esophagus, and covered with the same t mica propria,
are three in number and with a nucleus in each, that they are set
off from the intestine and of entirely different histological
structure, and finally that they function to prevent the back-
flow of food into the esophagus, points to their belonging to
this 3»rgan rather than to the intestine.
Leuckart (1876) in his work on the life history of Camallanus
lacustris
.
figures a group of cells at the posterior region of
the esophagus and these cells he found to develope into this
valve like structure in that species. This of course adds ad-
ditionaly proof for considering this valve of esoohageal origin,
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for one would not expect the conditions different in members of the
same genus.
One has difficulty in believing that this valve is not
homologous with the one in Ancylo stoma and the other nematodes, and
yet if Looss is correct, this could hardly be true. I have been
unable to believ that in the form described by Looss, either by a
study of the text or his figures, that this valve is intestinal,
end his failure to find the third nucleus in t tie third valve member
(he does not say in which projection this was lacking, no is he
clear that it is always lacking in a particular one) I consider
due to his technique, and the condition of the tissue atbthe time
of killing and fixing. He admits his difficulties in counting
the nuclei in this region, which has been noted above for the pos-
terior region of the esophagus and these are often very near the
valve itself in contracted specimens, so that the chance for con-
fusion is greatly increased. After all in americanus there
may be more than three nuclei concerned with this valve, but at
least there is one in each division. If Looss is correct in his
statement that the "two-cell" condition is carried in both the
valve and the intestine, on this reasoning one would expect many
more nuclei than it would be possible to have in the valves, beacuse
in C± americanus t ere are many nuclei in cross section of the gut
and in so.,.e forms, there would be even more.
I am forced to the conclusion, therefore, that the valves of
various nematodes are homologous and are specializations of the
posterioij(portion of -the esophagus, that the cells of the intestine
have crept up around their ba^es and ajsphincter muscle has been
developed out of the intermediate edges of the tissue, perhat>s in
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part from both, or entirely from either one. This conclusion
seems warranted from a study of the present literature, altho
subsequent study may show that there is here a fundamental dis
tinction between certain nematodes.
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C. The intestine
The portion of the alimentary tract which lie between the
esophagus and the rectum is known as the intestine, or chyle intes-
tine, an unfortunate name in nematodes since there are no villi
present
.
In Carnallanus americanus this portion of the tract is made
up of tall, hexagonal, collumnar epithelial cells. The inside of
the gut is not smooth in cross section, but is thrown into irregular
low folds. In some nematodes it will be recalled that the inside
of the gut is very smooth, in others t; ere are definite, very
deep folds. In adults the cell walls usually break down to some
extent, so that it often happens that none can be seen and with
this degeneration comes an apparent degeneration of the nuclei
(Ehrlich 1909). As in the case of most nematodes, there are defi-
nite regions in the cells. On the outside is a thick basal membrane
and just inside of this a slightly thickened portion or layer of
sarcoplasm.
Towards the center of the cells appear numerous reddish-
brown concretions or granules (Figs. 39, 40, 41, 158), about one
micron in diameter, being more nemerous in the oldervindividuais
than in the young, and chiefly in the anterior part of the gut.
Such concretions have attracted the attention of many st idents of
other species and by nearly all are thought to be excretory pro-
ducts of some nature (Exkretkoenen) . Looss (1905) describes
them for A± duodenale but here they are far less numerous than in
C. americanus
.
for in the latter they more often than not almost
fill the cells. Looss considered them as some product of blood
digestion, which: seems very logical and would therefore represent

112
what is termed "coffee-grounds" in human pathology. These bodies
are probably a part, at least, of the pigement group of the turtle's
blood corpuscles.
In Asc&ris this same kind of material has been noted and
studied to some extent by Flury and Faure-Fremiet . The latter
(1913) found them to be insoluble in the solvents of fats and
resistant to digestion with pepsin and trypsin. He expresses his
belief in the following words: "II est done tout a fait probable
que ees grains sont l 1 expression ce la transformation d'une partie
appreciable de 1 'he'maglobine ingeree par 1 'Ascaris " . I am inclined
to think that they are no secreted in the form in which they ap-
pear in the gut wall, because they have never been found free in
the lumen and they accumulate with the increasing age of the worms,
so that they very often are nearly or totally lacking from the
intestines of the young animals (Figs. 38, 159). However, this
fact musct be kept in rnind; the body fluid is colored red, and this
color most likely comes from the blood of the host. It may be that
these pigment bodies represent stored up material in the walls of
the gut, and that they are intermediate products in metabolism;
they would then be changed into a fluid, giving the red color to
it. Thus some of the material might be used as food, or it may
be that parts are excreted even before being used for food, passing
out thru the excretory duct. (See the section on the body fluid
for a further discussion of this problem).
Among others who have noted the presence of non-cellular
materials in the intestines of nematodes should be mentioned Cobb
(1914)
,
who called attention to "rhabditin" in the intestinal
cells of Rhabditis monhystera. He came to the conclusion after his
4.
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very orief study of the material that it was a carbohydrate, basing
his conclusion on the following results: slowly solitole in water,
rapidly so in alkalis and acids. Insoluble in most organic solvents.
The aquous solution gives no precipitate with barium salts. The
substance does not stain with iodin-potassium iodide solution, and
the crushed bodies of the worms gave a Fehling's reduction. No
trace of the substance remained when the bodies were burned; a
faint flicker over the sodium line of the spectrum indicated to
him the absence of the earthly constitutents that might be exoected
in certain excretory salts, such as calcium. It is unfortunate
that he saw fit to name this substance without more knowledge of
its nature. Of course his Fehling's test was absurd, since the
bodies of nearly every animal will give a redution with this agent,
especially nematodes, and he had no way whatsoever of telling that
these granules palyed a part in the reduction. The failure to
stain with iodine solution certainly excludes a great many car-
bohydrates. It is impossible to tell just what he really had
from the very meager information he gievs in his paper, and since
he does not refer to any special work on the subject one is in-
clined to think that he did not consult these particular articles.
One of the most recent and thoro is that of Marie Quack (1913).
She has come to the conclusion that certain granules, which agree
in description very closely with "rhabdtin" and found in free-living
and parasitic nematodes, are calcium salts and her evidence in very
conclusive on that point. However, these "Sphaerokristallen" are
insoluble in water, alkalis and dilute acids. Until Cobb publishes
a toore complete account of his work one is forced to discount
his conclusions, at least one cannot accept his name without better
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Justification from a chemical standpoint.
The nutritional zone ( nutritorishe Zone) can he recognized as
the layer of thickened protoplasm on the inner border of the cells
and inside of this another membrane . The "Staeh^sjjiensaume " is very
tall in this species, heing nearly equal to the height of theccells
themselves. In young specimens, this layer shows very clearly
its arrangement. Here each cell can be seen to hare a definite
clump of little bristles, which proceed from each cell towards the
lumen of the gut. In the older individuals these bristles become
matted together so that the layer seems almost like a continuous
one. Lany authors have called this a "chitinous layer", but this
is not the nature of the material of which it is composed for
Quack has shown that it is digested by the action of pepsin and is
soluble in caustic alkalis.
The nuclei of the intestinal cells are ellipsoidal in shape,
with a single nucleolus in each, and lie either within the nutrition-
al zone or immediately below it. This position is unusual, for
the intestinal cell nuclei usually are said to be well in the
middle of the cells, or more typically near the outer margins.
Supporting fibers can be seen in the best preparations, stretching
out from a slightly thickened area around the nuclei.
Just anterior to the rectum the intestine shows a very poorly
developed valve (Pigs. 42, 43, 153, 155). The apoearance is that
of certain cells being pushed up and in posteriorly, so that a
small pocket is formed and the lumen is made smaller. The nuclei
are very numerous in this region.
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D. The rectum and cloaca
General
.
Between the posterior end of the intestine and
|he anus, there is a small region known, in nematode anatomy, as
the rectum. The region has excited the interest of workers in the
field, chiefly because of certain bodies which always seem to be
present, even in the most diverse forms. Various functions have
been ascribed to these organs, which are considered to be a group
of three or four (?) cells. Leuckart, Cobb and others have called
them "anal glands", but none have been able to propose a logical
function for glands in this region of the alimentary ts^ct, since
a secretion poured out by them would pass into a cuticula-lined
canal and right at the opening of the tract to the exterior. In
addition to this, the demonstration of ducts from these cells is
by no means certain. Others have spoken of ti^em as "giant cellS"
and "ganglion cells" (Eberth, Walter and von Linstow). Looss
could not convince himself that these explanations would explain
the function of such cells and finally came to the conclusion that
they were cells which belonged to a syncytium of connective tissue,
in the forms in which he studied the structure, and that "the
structure to which they arfc attached is a ligament for fastening
the chyle intestine to the rectum". Before giving my interpretation
of the structure, it will be necessary to give in detail the'ocon-
dition found in americanus . The modification in the males,
due to its entrance into the cloaca, makes it necessary to des-
cribe the condition in the two sexes separately.
The female . In the females the rectum is a short tube 85 u
long and greatly compressed dorso-ventrally . In the middle region
it assumes a slightly triparted shape 4n the inside and towards the
end it shows several prominent excavations or indentations, the
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largest of which occurs on the ventrum (Fig. 153). Other indentati nfc
are shown in Figure 44. Posteriorly the anus terminates the rectum,
and is in the shape of a slit (Figs. 153, 155). Where the anus
is located the ventral band is divided, its posterior two halves
uniting.
The lining is rather thick and as a rule stains more deeply
than the cuticula (Figs. 45, 153, 154), from which it is supposed
to be derived and with which, even in adults, it seems to be con-
tinuous, altho the division between the two is usually well marked
off. Anteriorly the lining ends abruptly, a few micra posterior
to the regular eells of the intestine, and between these two
structures is a little space surrounded by three cells, which lie
immediately posterior to the lower margin of the intestinal muscle
cells.
These three cells (Figs. 152-155, 44, 45) lie one dorsal
and the other two sub- dorsal
;
they are large and spherical in
shape being about 17 ji in diameter. Each spreading out at its
base, they form a solid syncytium around the central cavity con-
tinuous with the lumen of the git. Anteriorly these cells pass
into the fibrous tube which has been mentioned previously, and
thus they are connected with the sphincter muscle; this fibrous
material even extends back over the cells, involving some of their
inner and anterior margins. A large spherical nucleus with a
single nucleolus is found in each cell. Psoterior to these three
cells are t'^ree others, nearly as large and whose anterior parts
push up under the anterior three larger cells, thus replacing them.
These cells are not globose but are flattened (Fig. 146), contain
large nuclei and each is in one of the three fields as in the cfse
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•tf the other cells. The last three extend almost down to the anus,
over the whole of the outer surface of the rectal lining, being
rounded out on their peripheral surfaces, they give the rectum the
appearance of a regular cylinder (Figs. 145, 146).
The male . In the males this region (Figs. 168-175) of the
gut is essentially like that of the females hut of course differs
somewhat on account of the modifications caused by the rectum open-
ing into the cloaca rather than at the anus, also on a ccount of
the presence in this region of the ending of the male reproductive
organs, which become invol\Ted with the terminal of the alimentary
tract
.
Here as in the case of the female there is a sphincter muscle
around the narrowed portion of the posterior end of the intestine
and extending just below it, the three giant cells. These cells
are not quite so large as in the case 4f the female and the two
sub-dorsal ones are pressed to an almost lateral position on account
of the presence of the genital duct lying along the ventrum of the
gut. The cells covering the rectum are also present, and these
seem to be a part of a syncytium covering the cloaca. The rectal
lining is continuous with that of the cloaca. The rectum itself
is much shorter than in th females, being only about half so long;
it opens on the dorsal side of the cloaca above the opening of the
spicular canal.
The cloaca . In the male nematode the common cavity just
befor the anus which receives the end of the gut and the reproduc-
tive oragns, is known as the cloaca. This very short passageway
is a cuticrtlar lined cavity with an outer cellular covering,
containing a few nuclei and part of the syncytium covering the
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rectum. On the dorsal side, as has been noted above, enters the
rectum, and along side of it (Fig. 175) on the ventrum, is found
the terminal of the genital duct. Just posterior to the opening
of the alimentary canal is seen the opening of the spicular canal.
After a short course the cloaca opens to the exterior in the mid-
ventral line as the ano-genital anerture (Fig. 183), 10 p. in dia-
meter and in a slightly elevated portion of the cuticula, on either
side of which are the two pairs of para-anal papillae.
Interpretation of the structures in this region . The inter-
pretation of these structures in this case is not an easy task and
the final word cannot be said until the embryology is known. I
consider the posterior three cells described above to be the "pos-
terior ring" cells of Looss, and think they are mothing more than
the rectal cells. They may even form the lining of the rectum,
their position and granulation would suggest this; at any rate
they support it and of course must help to connect up the posterior
structures, but I am unable to consider them as being separate
parts of a special ligament, as Looss would have one believe the
corresponding structure in the hookworm serves. The three anterior
and larger cells, are evidently the cells Looss thot made up the
"anterior ring" and t he se are near the region which is supposed to
be contracted by the sphincter muscle. Looss admits that there
is a very close relationship between the rectal sphincter muscle
and the "anterior ring of the rectal ligament", and in reality the
two structures seem to be one and the same. The nuclei of the large
' cells are t^en in part nuclei of the sphincter, and the globose
portions of the cells are the sarcoplasmic pafcts of the entire
j
structure. The outer parts of thelcells are granular in character
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but the line around which the three cells are united with eech
other is towards the anterior side, fibrous, and continuous with
and exactly like, the circular tube enclosing the posterior portion
of the intestine, and which is in reality the rectal sphincter. A
contraction of the basal ring of the three cell syncytium serves to
close the posterior end of the gut, helped by the action of the
tube of fibrous tissue. It is opened by the intestinal muscles,
which section see for details. In americanus the interesting
bodies are nothing more nor less than parts of the rectal sphincter.
Under ti:is interpretation the two nuclei in the sphincter proper
are not well explained, unless they be considered as accessory in
nature
.
There is some doubt in considering these as ourely connective
tissue cells as Looss thinks; they serve as such in a way, but the
two sets of three cells are better interpreted as separate structures
and as given above, at least in this species. From the text and
figures of Looss one cannot see that he has, in his own case,
demenstrated his contentions, for he clearly shows that the fibers
of the sphincter muscle are "intercalated" among the protoplasm
of the three giant cells.
-i
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E. Food
All of the evidence at hand points to t^e fact that the normal
food of this species is the blood of the host. This is indicated
by the red color of the body fluid and the pigemnt in the intestinal
walls •
Looss devoted some time to a study of the condition in A,
duodenale and came to the conclusion that in this species the normal
food was not the blood of the human butvrather the intestinal
mucosal cel±s. This he demonstrated by the fact that the amounts of
pigment varied in different worms and not with their ages and in
addition to that, the pathological condition of the intestine of
the host and the presence of the intestinal cells in the lumen of
the gut of the worms bore out this conclusion.
In the case of americanus neither of these conditions
exists. I have never found host intestinal cells in the guts of
these worms nor does the pathological picture in the intestine
of the turtle indicate that the intestinal lining was being eaten.
The great amount of pigment and the fact that it is found in great-
est quantities in the older individuals indicates further, that
blood is the normal food of this animal.
From an anatomical standpoint there is further evidence to
this effect. The presence of the small sharp hooks at the anterior
end of the jaws affords instruments for the laceration of the
tissue and the movements of the mouth apparatus are conducive of
the same effect. The strong suction made by the action of the mus-
cles of the esophagus serve for the pulling in of the blood. The
blood corpuscles must be rapidly digested for they are seldomly
found within the parasite. All evidence goes to demonstrate that
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these animals are blood suckers.
An interesting experiment was carried on to see if these
worms could be kept alive in a cultural medium and if they would
use the medium for food. After several trials a mixture of 7/itte's
peptone and gelatin was obtained so that the warmth of the hand
would melt it and at room temperature (about 21 degrees C.) it
remained solid. Before the worms were introduced the medium was
tested and gave the following properties after sterilization:
(1) Tryptophane present in combination only.
(2) Biruet reaction was positive.
(3) Clear solution, liquid at hand temperature.
(4) Micro Kjeldahl determinations gave the following results:
I. Total nitrogen per cc. 0.0039 gm.
II. Total nitrogen per cc. 0.0042 gm.
I. Non-protein nitrogen per cc. 0.0015 gm.
II. Non-protein nitrogen per cc. 0.0017 gm.
(The trichloracetic acid method was used)
I. Average total nitrogen per cc. 0.004 gm.
II. Average non-protein nitrogen per cc. 0.0016 gm.
Six worms were introduced into a flask of this fluid and
incubated at 25 degrees C. The worms were first washed thru a
liter of steril water in fifty different wash waters, using steril
Stendor dishes, and a sterile platinum needle to handle the worms.
Every precaution to avoid contamination was excerdised. After
allowing the worms to remain for six days an examination of the
medium was made and a portion of it plated out in &gar after
twenty-four hours incubation at the same temperature at which
the worms were kept. In addition to this a small portion was
introduced into another flask of the same medium and keot in the
incubator for six days. The medium after the action of the worms
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showed the following properties:
(1) Tryptophane as before.
(2) Biruet as "before.
(3) Clear supernant liquid with a heavy precipitate, but the
liquid at temperatures below that of the room did not congeal.
(4) Nitrogen analyses:
I. Total nitrogen per cc. 0.0036 gm.
II. Total nitrogen per cc. 0.0042 gm.
I. Non-protein nitrogen per cc . 0.0033 gm.
II. Non-protein nitrogen per cc. 0.0030 gm.
I. Average total nitrogen per cc. 0.0039 gm.
II. Average non-protein nitrogen per cc. 0.0032 gm.
The worms remained alive in this medium for over two months.
The control inoculation was steril at the end of three days
and the inoculated medium gave the same results for total and
non-protein nitrogen as it did in the original case.
This demonstrated conclusively that these worms can live on
other materials perhaps only substances which are like those they
get from the blood. Just what they did to the medium was not
learned, but it is evident that they reduced the gelatin to non-
protein nitrogen, how much further it went could not be investigated
on account of insufficient apparatus. This work will form the
nucleus of a subsequent investigation to be undertaken by the
author.
Worms were kept for two months on turtle blood agar, they
being transferred to fresh tubes when the contamination became
great. The maximum length of time they can be thus keot was, in
my experiments, not ascertained.
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Body cavity
flor a long time it has been shown that the body cavity of
nematodes was not empty but filled with "a fluid probably containing
albumen, which curdles under the influence of acid and, when poured
into water becomes milky" ( Looss (1905 : 67) translated from Schneider).
In the light of modern physiology it seems that the statement of
the early investigator of nematodes, Anton Schneider, is by no
means incorrect but has an element of suggestion which is probably
not far from the truth.
In the absence of a circulatory system and the presence of
a large, fluid-filled body cavity, which surrounds the organs, it
seems logical to suppose that this acts for the nematode muchnas
does the blood system for other animals; the circulation of the fluic
can be seen in living specimens, due to the contortions of the body.
If this be true all intermediate metabolic processes and compounds
will be fo.und here, and so the digested materials going from the
intestine into the organs, and the waste materials from the organs
to the esophagus and the excretory ducts will be found, as in
other animals, within the same limits and the selection out of
the fluid will rest in the power of discrimination of the individual
cells
.
If one cuts or injures the body wall of an individual of
C. americanus there runs out of the lesion a quantity of reddish
fluid, rather thick and somewhat opaque, which seems to "congeal"
within a few minutes. Alcohol and the usual killing and fixing
fluids precipitate it and thus it is preserved in sections of
worms. Here the fluid apperas as a fine granular substance, stain-
ing with almost any stain and partially or entirely filling up
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the space not occupied by the internal organs.
Attempts to obtain hemin crystals from the fresh fluid have
been unsuccessful, but the fluid must contain some part at least
of the pigment group of the blood of the host. There is something
very suggestive in the presence of the brownish-red granules in the
intestinal walls (see that section) and it seems that these granules
are in part responsible for the color in the body fluid. The fact
that t'nese pigement masses accumulate with the age of the individual
indicates that their breaking down process is slow, hence they may
be storage products, and the fact that the worms loose their reddish
color after remaining for some time in water indicates to some
extent that the color of the body fluid comes directly thru the
intestine into the body cavity from the digested blood corpuscles,
in this evemt part of the color group would be retained by the gut
in the form of the pigment masses in its walls, The whole
problem is an important and interesting one and offers possibilities
of solution which are more favorable than many others within the
same group of worms.
Flury and Faure' Fremeit have studied the body fluid of
Ascari^e and they have found the following substances within it:
water, sodium chloride, albumin, globuli©, some pure bases, free
fatty acids, phosphorous compounds, cholesterol, some reducable
sugars and finally hemaglobin and often oxyhemaglobin.
Here and there appear in the body cavity, connected to various
organs and invading interstititial spaces, small strand-like materi-
als, which give one the impression of a loose connective tissue.
This materii.1 was called by K. C. Schneider "Bindegewebe" and by
Looss "strand-like organs". The former did not locate nuclei
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within the mess, while the latter has reported finding them in two
places, and suggests an homology between these organs in A± duo -
denale and the phagocytic organs or "bueschelfoermigen" organs
of other species. Goldschmidt (1906) has called this tissue
"Isolationsgewebe " and in the large ascarids has located a few
cells in this structure situated just posterior to the nerve ring.
I have been unable to find nuclei in this tissue in americanus
but this is not surprising, since one would exoect them to be very
minute and might easily be overlooked. No function nor homology
can be proposed at the present time for this structure in our
species, and the literature on the subject, tho large, is very
much confused; that the whole problem will have to be worked over
carefully before a conclusion can be reached is evident; the
larger forms will have to be examined first before the smaller
ones are studied. I am under the impression that authors have
been dealing with the same structure here and that it will prove
to be nothinh more nor less than a structure similar to the mesent-
eries and supporting ligaments of other animals, for holding in
place the various internal organs. It this be true the name proposec
by Schneider is much better than that given by Goldschmidt . Looss'
name is at best a make-shift as would be any that I could propose.
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The reproductive organs
A. Female
General * The female reproductive organs (Textfig. G) are of
especial interest on aocount of the absence of the posterior ovary,
altho its uterine branch is found. This is all the more interesting
because in the Trichosyringata, a family not
greatly removed from the Camallanidae , there
is only one ovary found.
On superficial examination one might
be lead to think that the posterior horn of
the uterus was in reality a result of the
mere mechanical lengthening of a single
uterus, due to the enormous number of embryos
developing within; but this is not the case,
since in the very young: females in which the
ovary has not yet begun to function, this
posterior branch is seen long before the fe-
male has been fertilized. At this stage it
is merely cjposterior thread of cells leading
from the ovijector, corresponding to a simi-
lar anterior anlage. The details will be
found elsewhere in the paper.
In the anterior division of the reproductive organs can be
found, in general, the regions which have been found in most nematode
species, but with sertain modifications here and there. There is
distinguished an ovary, oviduct, with a "receptaculum seminis" , and
anterior branch of the uterus.
The ovary . Jhis organ is pyriform in shape, attenuated
ant . u
.
de.
v
Female
Male
Text figure G
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anteriorly and ending in a rather long, slender, cylindrical tube.
Figure 46 shows the shape and the fact that the tube is about
half the total length of the oevary. At the widest olace the ovary
is about 0.150 mm. The cylindrical tube increases gradually from
10 to 20 in diameter. Within this tube are recognized two
areas as in the case of Ascar is and referred to by K. C. Schneider
as the "Keimzone" and "Wachstumszone" , each composing about half
the length of the tube. In the former zone occurs an unorganized
mass of primative germ cells which begin in the posterior part of
this zone to arrange themselves around the inner margin of the
wall (Fig. 50). These cells are spherical in shape, 5 p. in dia-
meter and with relatively large nuclei. Division of the cells
takes palce within this zone for here mitotic figures can be seen.
By growth, these cells come to fill the cavity of the t ibe
so that only one layer around is seen and thus in the seeter they
fuse (?) with each other, their peripheral ends being free. So
is formed the characteristic structure found in most, if not all,
nematodes (Fig. 51). The ovogonia appear like the spokes of a
wheel, fastened by their fused ends, calles a "rachis". Innthis
species there is but a single rachis and about five or six ovo-
gonia in each cross section. Under the force of this mechanical
pressue they are compelled to assume a primative shape but still
have relatively large nuclei. This zone extends well down into
the enlargement of the posterior region of the ovary where the
last zone begins, the so-called "Reifungszone n , where the cells
begin to break away from the rachis and gradually assume a spheri-
cal shape again. In this region the first polar body is begun
to be formed altho the process may be continued thruout the passage
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of the eggs into the 6viduct. On leaving the ovary the eggs are
jabout 25 jx in diameter with very large neuclei and prominent nucleo-
li, one in each nucleus.
There is nothing especially interesting about the histological
structure of the ovary. A rather thick deeply staining basal
mambrane exists, and the wall is composedeof a single layer of cells,
very much flattened out and like typical pavement epithelial cells,
with medium sized nuclei. An many as eight or ten cells can be
seen in a cross section. As the ovary liesiin the body, it is
more or lee coiled, but never more than twice, and these are very
loose coils.
The oviduct . Posteriorly the ovary is rather sharply delimit-
ed by the appearance of a second layer of cells on the outside of
the epithelial layer. These are cells with their inner sides
muscular and a sarcoplasmic portion towards the periphery, giving
the oviduct an irregular outline in cross section (Fig. 164).
The nuclei of the muscle cells are in the sarcoplasmic portion. This
layer of cells furnishes the oviduct with a circular layer of
muscle and by periataltic motion the eggs are shoved along. Co-
incident with the appearance of the muscular layer, the epithelial
one becomes much higher so that the cells stick out much .,ore all
around the wall into the lumen and here and there very large pro-
jections are seen, especially in one region, which I have designated
as the receptaculum seminis.
In fairly mature worms, three regions of the oviduct are
distinguished (Fig. 46); the first, about one-third the total
length of the organ in 30 jx. in diameter, then follows a second
third, which suddenly expands to a diameter of 130 u and contains
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shortly after copulation a mass of spermatozoa; few are to be found
elsewhere in the system. Here the projections into the lumen
(Pigs. 165, 166) are very much larger than elsewhere, and groups
of spermatozoa can be seen clinging around such out- jutting pieces.
Fertilization (Fig. 58) takes place here or perhaps in the very
anterior region of the uterus. Posteriorly this receptaculum
seminis reduces in diameter to about 17 jl and the musculature
becomes very much thinner, until it disappears at the anterior
margin of the uterus (Fig 46). The epithelial cells remain high
thruout its entire course and no valves are encountered in this
region.
It is interesting to note in passing, that in cross section
of the receptaculum seminis the spermatozoa are cut transversely
as well, showing that their orientation is with the long axis
of the uterus and oviduct; they apparently progress up the entire
length of the uterus and posterior third of the oviduct, head
first, maturing as they travel, to*Vay-lay"the egg cells as they
pass thru the oviduct. The fluid of the uterus and oviduct offer
a medium for their progress.
Five worms were used for the compilation of the following
table. The reproductive organs were carefully dissected out and
preserved, stained and measured in xylol before they were sectioned.
Unfortunately the total length of the worms could not be gotten
since the dissections had to be made while the animals were still
alive and they were so active that it was impossible to ascertain
their lengths at that time.
A study of the sections showed that the shortest ovary and
oviduct belonged to the youngest worm, and that they then arranged
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themselves according t6 the table, with tie fifth as the oldest
female. It becomes obvious that both the overy and the oviduct
grow with the worm, but that there is a tendency for the ovary to
outgrow the oviduct, an altogether logical condition. Altho there
are few cases given here it is perhaps a fair sample since they
were picked at random from among a great many individuals.
VII . OVARY AND OVIDUCT MBAS JREidENT
S
Organ a d e
Ovary
Oviduct
Total
Ovary: oviduct
1.9
2.0
3.9
1:1.0
2.0
2.1
4.1
1:1.0
2.4
2.5
4.9
1:1.0
3.2
2.6
5.8
1:0.8
3.5
2.7
6.2
1:08
The uterus . This organ is simply a huge sac in which are
contained the developing eggs and embryos, for this species is
viviparous. Its walls consist of a single layer of pavement epi-
thelial cells with fairly large nuclei (Figs. 47, 49) and cell
walls more or less indistinct, the basal membrane which is pre-
sent stains deeply. There are no muscular fibers in the walls
of this uterus, altho Cobb as well as other authors have described
such in some nematodes. Looss failed to find them in A_j_ duodenale .
Within the uterus is a fluid which has been mentioned and this
is precipitated by the tilling and fixing fluids, stains well and
is undoubtedly nourishing for the growing embryos ( Faure^-Fremiet )
.
The anterior uterine branch is considered as begining pos-
teriorly at the inner end of the ovijector and continuing to the
begining of the oviduct (Figs. 56, 167). The posterior branch
ends blindly in a cul-de-sac (Fig. 57), and takes its origin at
the common juncture of the two uterine branches and the vagina.
Needless to say the uterus grows, probably by stretching as it be-
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comes filled with embryos.
In living animals the uterus passes to and fro (antero-
posterior^) in the body cavity, undoubtedly due to the hydrostatic
pressue within the body and the uterus itself, for the uteris lies
free in the body, with no muscular fibers attached to it, being
held somewhat in place by the before mentioned strandr of tissue.
The ovijector . Adopting the recent terms of Loossand Seurat
for the specific regions of the tube which leads out from the uterus
to the genital aperture, I shall refer to this as the ovijector, for
the sake of simplicity (fig. 56). Taking up its structure from
within outwards, it begings at the uterus as a tube 18 ji in dia-
meter, posterior to the level of the vulva, being then directed
anteriad at a sharp angle and lying at its origin on the ventral
side of the body. Its course is by no means straight and its
length varys from 1.3 mm. to 2.1 mm. It usually bends from side
to side and in one female made a loose loop. Its angle is rather
sharp where it starts towards the vulva.
The ovijector is lined thruout its course, save for a short
distance at either end, with four rows of epithelial cells (Figs.
52 f 53). These cells are rather unique in shape, being more or
less round as seen in cross section and spindle-shape longitudinallj
(Figs. 54, 55). Their nuclei are in about the same level, so that
in a given transverse section one sees four nuclei. These cells
do not fill the entire cavity and a space extends between the
four rows. The cells are 42 u long. At the inner end of the
ovijector the rows become a little irregular and the rows are not
well marked out because of the appearance of more cells, so that
it passes into the uterus without a valve and presenting no radical
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histological difference. The covering of the tube is composed of
a very heavy layer of circular muscles, which is anteriorly 10 u
thick and gradually diminishes in thickness until none can be
seen at the exact juncture with the uterus. Many nuclei occur
within this layer and the muscles obviously act as douthose of the
oviduct; by peristaltic motion they help to pass the embryos to
the genital opening.
From a region just where the ovijector begins to turn to-
wards the ventral side to its opening, this tube has a cuticular
lining, which seems to be continuous with the external cuticula
(Figs. 16E, 163). During the short distance in which the sphincter
lies in the body cavity, there is around the cuticular lining a
very heavy layer of circular fibers (Figs 157, 158), with many
nuclei, and which clearly function as a sphincter, their sar-
coplasmic portions being towards the periphery. Sometimes the
cuticular lining extends posteriorly over the four rows of cells,
but then only for a short distance, and these eells do not appear
very far forward of the end of the cuticular lining.
Thus the ovijector extends anterior past the level of the
genital opening and suddenly makes a very sharp turn within the
anterior vulvar lip, loses its musculature and passes posteriorly
to open near the mid-ventral line of the body, but in the side of
the vulvar lip towards the tail. This final tube (Fig. 163) is
the "vestibule" of Seurat and is only a few micra in diameter and
will allow of the passage of only one embryo at a time.
Just at the highest point of the turn a very interesting
cuticular structure is present, which from its position and
is considered as a valve, opening by its own elasticity and closed
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by the action of the sphincter (Pigs. 156, 158). This valve is
nothing more nor less than two, somewhat spherical, masses of
material, apparently derived from and attached to the inner lining
as tho they were mere thickening in its wall, and occupying a
right and left position. Compression by the sphiiicter would push
these two bodies together and thus close the passage way. There
is the further possibility that they serve in some way during the
act of copulation, e. g., in holding the spiculum within the vulva.
The vulva. The vulva is very conspicuous in this species
and is provided on b&thesides with a very prominent lip, of which
the anterior one is the greater developed (Figs. 93, 94, 163).
The posterior lip increases as the worms grow older so that in
females just before givein birth to embryos this lip is rather large
and becomes pushed out to one side or the other bybthe overhanging
anterior projection.
The anterior, lip is about 0.3 mm. long and jutts out about
0.12 mm. ventrally from the body; the shape is difficult to
describe but can beeeasily seen in the figures as a swelled out
portion of the ventral wall, overhanging its own posterior limit
on the body wall.
In sections of the vulva one can see that the ventral band
spreads out over the inner margin of the cuticula, and is very
much thickened in the whole general region (Figs. 156, 158); it
becomes divided around the actual opening of the vestibule, which
seems to pierce it, then unites below the opening to continue
posteriorly as a single line or band. The cuticula is transversely
ridged on the inner side so that it presents eleven definite
places for muscle insertion (Figs. 160, 161, 16E).
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Special muscles exist in this region, there being twelve
large cells, each with a nucleus and having its greater insertion
on the cuticula, then converging, they find their second insertion
around the end of the sphincter and vestibule. Thus one seen in
longitudinal sections a radiating structure of muscle cells in
this region.
Contraction of these muscles will pul}. up the lower over-
lapping portion of the vulvar projection and at the same time
turn the opening away from the body wall, while the elasticity of
the wall itself will tend to restore it to its original position,
aided by the contraction of the muscles in the lower portion of
the vulva. These muscles are evidently modified somatic muscle
cells. Their function, while possibly related to the expulsion
of the embryos, is most likely involved in the act of copulation
as well.
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B. Larvae
It does not lie within the soope of this oaper to discuss
in detail the larval stage of this parasite, however, a few words
will not be amiss. The larvae appear within the ULterus of the
female in two conditions, but in the first stage only. The two
conditions referred to are (a) a phase in which the first cuticula
is closely applied to the body and is the youngest phase, and (b)
a phase in which the first skin is loose and the larvae are con-
tained within it. When the larvae are freed from the female they
are very active and the first skin is shed within a few hours, they
then being in the second stage.
In the uterus these larvae are at times very active and can
be stained in vitro with methylene blue. Those in the first phase
stain readily but those with the two skins do not stain until after
several hours. They range from 200 ji to about 360
^1 and occasional-
ly they are found as long as 540 p., but this is unusual . Several
regions can be located, in particular an anterior region, which
has a great many nuclei and is about one third the total length
of the body. This is evidently the anlage of the esophagus. A
light staining area passes around this regions an id is interpreted
as being the anlage of the nerve ring.
In cross section the larvae are seen to be made up of a tube
of cells, about nine aopearing in such a section (Figs. 63, 64).
The anterior end is bluntly rounded off, while the posterior tip
is sharply pointed .(Fig. 60). Even in young individuals there are
four nuclei in the anterior tip (Fig. 6E) which stain deeply and
are more distinct than any others in that region. Perhaps they
are the anlage of the complicated subcuticula head structure and
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will form the oral apparatus. On the whole the nuclei of the
body are very numerous, and occasionally one or two can be seen
inside the tube of cells of which the worms are composed.
Some attempts have been made to find the life history of
this species, but so far they have led to negative results. The
larvae will live in water for several weaks, but tswy grow little
and do not moult after the first skin has been cast, so far as
was learned. These young stages are not as a rule in the intestine
of the host. Every thing points to the necessity of an intermediate
host in this parasite as in the case of Camallanus lacustris
.
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C. Male
General, The reproductive organs in the male nematodes are
characterized by their simplicity and in this respect americanus
does not differ from the general type, alt ho some pecularities
exist. Here the system consists of three regions in the reproduc-
tive organs proper (Textfig. G). These region are all within a
single tube which lies on the ventral side of the body, but may
be displaced to the right or left or parts of the tube may be
found on the dorsal side when the animals become old and the tube
has become long and sinuous.
The anterior of the three regions is known as the testis and
this varies in length in different individuals according to their
ages, In young specimens it is almost straight, in older forms
it may have several bends, a loop, or may turn bach on itself in
the esophageal region and grow posteriad almost tonthe anus. This
tube is at its extremity 10 ji in diameter and after about 130 yu
has usually a small enlargement about EOji x 30 ji (Fig. 77). After
this the tube very gradually enlarges up to a diameter of 35^1
passing without much differentiation into the seminal vesicle,
which is at its anterior end about 65 jl 9 enlarging up to 130 p.
at its widest palce in the posterior region. This parts of the
system is about 3.3 mm. long. It passes into a small short tube
and then into a region known as the ductus ejaculatorius continuing
to the cloaca into which it empties on the ventral side (Fig. 175).
This latter organ is about 2.2 mm. long and has an anterior dia-
meter of 66 ju, narrowing to 20 y. just before the cloaca and to
about 10 p. at its entrance into the common posterior ending of
the genital and alimentary ducts.
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In toto mounts these regions are well marked out by their
differences in staining. Of the three, the last region stains the
deepest, the testis next and the seminal vesicle very lightly.
The spicula should be mentioned here as being accessory
genital organs.
The testis . There is nothing especially interesting about
this organ which has not been previously considered by zoologists.
It consists of a tube, made up of a single row of cells with small
nuclei, rather hard to find and comparatively few in number. The
cells are very much flattened out and have a rather heavy outer
basal membrane (Fig. 76). In the very anterior end of the testis,
which ends blindly, are found the primordial germ cells and these
can be seen, as in the case of the ovary, as very small cells which
divide raoidly, as seen by the frequent mitotic figures. Further
down intthe testis the rachis formation is noted.
The seminal vesicle . This region is but an enlarged portion
of the system and contains in mature forms a great mass of germinal
cells, before copulation has taken palce. The cells here are
free from the rachis. The walls of this region (Figs. 78, 177)
are in direct continuation with those of the testis and but for
an external constriction there is not a sharp delimiting area.
The cells are more spread out here so that they become very narrow
and with small nuclei. The size of this region is determined
chiefly by the amount of germinal products present.
These products are considered by most authors as still being
immature until after they have been for sometime in the uterus
of the female. Looss, however, speaks of "mature spermatozoa"
in this region of the system in duodenale and refers to a
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nmantle"nsurrounding nematode spermatozoa (1905:111). Concepts
differ from other evidence and I am at a lose to explain his
observations. The passage of the seminal vesicle into the last
region of the system is indicated by the appearance of high
epithelial cells and an outer muscular layer. The epithelial
cells crowd in at the anterior end and thus form a kind of valve
(Fig. 179).
The ductus e.jaculatorius . and spermatozoa . This interesting
part of the male reproductive system is composed of two layers, the
oute of which, consists of a circular musculature containing a
very few nuclei, which appear in the sarcoplasmic part, and project
out a little on either side of the tube. This muscle layer is
thin and must act as a muscle to produce peristaltic motion,
functioning in the removal of the spermatic fluid from the male
generative organs.
The inner layer of this tube is cellular and composed of
rather tall columnar epithelial cells, about twelve being seen in
a transverse section. These cells are extremely granular and
have moderately sized nuclei. Figure 81 shows a cross section
of this organ. Reproductive cells are sometimes seen in this
region but when crowded down by the formation ofnthe products in
the tube above, and hence only in the older specimens.
For the function tff the epithelial cells I can offer but
one suggestion, they may secrete, at the time of copulation, a
fluid, perhaps gelatinous, which accompanies the sperm into the
uterus of the female. This fluid may be nutritive or may be
merely a mechanical carrier for the cells. I have sought in vain
for information which would lead me to believe that this organ

140
secretes a cement to stick the male to the female during copulation.
The fact that the male cells are not generally retained in the
ductus e jaculatorius for a very long time, presents some difficulty
for considering it as secreting a nutritive fluid, yet after they
have gotten into the uterus of the female there is yet a necessity
for some nutrition of the developing spermatids. It would seen
as tho some fluid medium was necessary for conveying the male cells
into the female and it seems most logical to believe that this
organ secretes such a fluid.
The statements of Looss concerning this organ in the hookworm
are not easily followed for he has included the description of
the cement glands in the same chapter, but one is led to believe
that he did not see a muscular layer around the organ; such a
layer certainly exists in our species and has been noted in many
other forms as well.
A further word concerning the soermatic cells. They reach
maturity in the seminal recepticle of the female and there as
has already been noted they may be seen oriented with their long
axis parallel with that of the uterus and oviduct. They apparently
have, their "heads" pointing anteriorly. Their shape is of in-
terest; they are elongated and about 16 ji; have a short pointed
tail and three more or less deeply staining areas, about equal
in size and bulging out somewhat (Fig. 82). They are 3 ji wide
in the widest palce.
The spicular apparatus
The spicula . These interesting and important organs present
a rather characteristic appearance in this species. The right
one (Fig 68) is by far larger than the left and differs in some
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respects. The smaller ( Fig . 71) of the two is but slightly
curved and has no embellishments of any nature, being slender,
acuminous in form and tapering from adiameter of 8 ji to a very
fine point. Its total length is about 31 ji in all specimens, and
ends anteriorly in an acute angle.
The right spicule is 18 fx in diameter anteriorly and it
also has an acute angular anterior ending, so that a cross section
near its anterior end shows only a crescent-shaped structure
(Fig. 74). This spiculum is about 870ji long and is also acuminous
in form. It is slightly curved and 75 yu from its tapering point
has on its dorsal side, a small point (Fig. 70) projecting dorsad
and 5 p. long, curving slightly anteriad. Posterior to this point
the spiculum dips sherply ventrally and then rapidly tapers to
a fine point.
The structure of the spicula is very interesting and has been
given in detail by Looss with whome I can agree in the fundemental
points. They consist of tubes (Figs. 74, 75) of cuticular material
which dissolve in concentrated alkalis and stain deeply with
almost all stains. The shell of the right spiculum is 4 jx. thick
and about eight times as thick as the smaller one (Fig. 69).
Near their posterior tips they become solid. The cavity is filled
with a "pulp" which is very granular in nature and contains
nuclei at the anterior end only. Here in sections one can see
that this pulp is continuous with the outer covering of the
spiculum (Figs. 73, 74, 176), which is called the "spicular
sheath" or the musculi exsertores spiculum. In this mass of
tissue which appears just at the head of each spiculum are found
from three to five small nuclei which are evidently the nuclei
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of this tissue, altho others will be mentioned later.
The extensor muscles . these have been well worked out
by some of the previous authors and here are essentially alike
those described for other species. In americanus this muscle
(Fig. 72) is about 5 jx thick in the case of the large spiculum
and 2 u in the snaller one. Of course this thickness will vary
a little with the degree of contraction of the muscle. It seems
to present two distinct layers of which the outer is a little wider
and more granular, corresponding to a sarcoplasmic layer, and in
this layer from time to time are noted large spherical nuclei
(Fig. 176 ),, especially near the posterior end of the organ. The
inner layer is differentiated into fibers and are evidently the
contractile layer of the muscles. Because of its intimate con-
nection with the heads of the spicula and its lack of attachment
along their courses, its acts like a spring to shoot the, spicula
out when thay are to be protruded. For this purpose they have
been anchored firmly at their posterior ends and this is provided
for by the places of insertion (Figs. 176, 73) on the dorsal wall
of the cloaca in a manner to be described a little later.
The retractor muscles . Other muscles have yet to be mentione .
in connection with the spicular apparatus; these are the musculi
retractores. They are seen in single masses of fibrous tissue
attached to the heads of each spiculum (Fig. 73) and extending
for a short distance underneath the spicular sheath. On the
oblique side of the anterior end of the spiculum this mass sends
out several small branches which become attached to the spiculum
and somewhat embedded in its pulp (Fig. 80). In each case the
single mass divides a short distance anteriorly into two, long
=====
.
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slender muscles, which proceed, two on either side of the body,
free in the body cavity, (Figs. 178, 180) for a distance of about
one fourth the total length of the body to their respective anterior
insertions. Each muscle has about half way in its course a small
amount of sarcoplasm s irrounding a nucleus (Fig. 79). The muscles
of the left spiculum are correspondingly smaller than those of the
right and are not quite so long. Aft r the muscles ha i/e divided,
they pass anteriorly, each member of a pair running close together
and become inserted at each of the four sides of the lateral lines.
The spicular canal . This canal (Fig. 170) has been discussed
at length by Looss and to his account I have little to add. The
structure has been called by some authors the "spicular sheath"
but as Looss clearly points out, it is a separate structure, and sh
should therefore be given another name.
The canal aopears on the dorsal side of the cloaca where
two very small cuticular wings arise on either side of a small
groove, which has a cuticular lining. The lining is covered with
a granular layer of protoplasm which contains a few nuclei, three
according to Looss. This single canal continues anteriorly at
a sharp angle from the cloaca and shortly divides into two grooves
into which the spicula project, their sheaths being firmly in-
serted on this structure; the cuticular lined canals continue but
a short distance anteriorly.
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The nervous system
Despite the very excellent work, in recent times, of Apathy,
Goldschmidt and Deineka, one is forced to admit that comparatively
few points are known and understood concerning the morphology of
the nervous system of the nematodes as a whole. The enormous
mass of literature that has accumulated on the subject has con-
cerned itself with the nervous system of Asoaris megalocephala
and lumbricoides and while it has contributed to the morphology
of these systems, it has chiefly been concerned with the various
problems in the "neurone theory", cell constancy, etc., offering
considerable information on these subjects. In addition to this,
these workers have investigated the members of the genus Ascaris
.
admitedly the highest specialized of the group, and many conditions
are found in this genus and iii particular these two species which
appear in other nematodes in a much simpler stage and more elementary
or are totally lacking.
It does not lie within the field of the present paper to
consider these problems and no attempt has been made to present
a review of the literature which has been so well done by de Rou-
ville, but I shall try to bring over as many names as is practical
and create as few as possible. The work of Looss (1905), because
of its strictly mdrphological character, will demand consideration
and since it is really the only piece of work that is at all
complete, reference will constantly be made to it.
One is struck in looking over this work with the apparent
ease with which Looss was able to trace out the minute fibers and
locate the most delicate connection?, and for all of this he gives n<
special technique; one must conclude that he did the work on materia!
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preserved in glycerol-alcohol and handled according to his method
which is at best poor for working out the finer details. One
cannot help but marvel when he reads of nerves which "are small and
may consist at most of two or three fibers", or "the first fiber
which leaves the ganglion", etc. Every method known has been tried
to demonstrate the nervous system in americanus and it is only
after many trials and piecing out gaps in each method that the
conclusions about to be set forth have been obtained, which I
regret to say are all too fragmentary and liable to erroe . If
the finner connections, comparable to those described by looss
in duodenale really exis.t in my snecies, I have failed to locate
them and have difficulty in believing that they are present in
one species and not in the other, altho one is not surprised at
even greater differences between C_j_ americanus and the genus
Ascaris . In one or two of the major connections are to be noted
differences in my species and Looss 1 description.
A. Anterior nervous system
Like most nematodes, there exists in this species a nerve
ring, better referred to as the "cephalic commissure". There are
associate with this commissure twenty cells in each lateral
half, in all forty cells, of which some may be adventitious, and
the greater number are just anterior to the nerve ring. The rest
are just below, it, altho some are scattered innthe subcuticula
surrounding the esophagus. Some of these cells anterior to the
nerve ring are found in groups in definite places (Figs. 125, 126,
128). From these groups six nerves pass anteriorly, two laterals,
two sub-dorsals and two sub-laterals. (See Textfig. H for dia-
grams of the nervous system). A further word will dispose of

sub . 1
.
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these nerves; they supply the region anterior to the nerve ring,
and each runs forward very close to the esophagus and supported by
surrounding subcuticula. The two sub-ventrals
have within their course near the anterior
tip, one nerve cell in each (Fig. 108), and
these give out branches to supply the ad-
jacent tissue. Nerves in Ascaris and
Ancylostoma are found passing anteriorly also,
but these go to papillae, none of which
exist in C. americanus so that I refrain
Diagram anterior nervous system
v.n.
l.n.
<^J
r.g.
/ } a-r.comm.
( u^^^^^T"! 5 a-f.comm.
Diagram caudal nervous system
of female
from homologizing these structures until
more is known about them.
,
Under the pre-
sent condition I believe that the nomen-
clature for these nerves should be based
upon their position alone.
Below the nerve ring one can recognize
five ganglia which are called the dorsal
cephalic ganglion, the ventral cephalic
ganglion, the post-ventral ganglion and the
two lateral ganglia. Commissures connect
the latter two with the nerve ring on the
one hand and the ventral cephalic ganglion
on the other. Longitudinal nerves arise from each ganglion.
Details of the anterior nervous system
The nerve ring . As has been clearly pointed out by pre-
vious authors, the cephalic commissure, or nerve ring, is composed
essentially of fibers, which originate from the ganglia, hence this
structure is not regarded as the fundemental part of the nervous sys-
Diagram caudal nervous system
of male
Text figure H
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tern. In americanus the nerve ring (Figs. 109-113, 185, 166, 188)
is in direct contact with the esophagus all the way round and is
contributed to" "by tissue from all four longitudinal lines, altho
looss maintains that the dorsal one playes no part in this formation
in the hookworm. The fibers themselves are chiefly, if not en-
tirely, from the ventral and lateral cephalic ganglia. The nerve
ring is slightly oval in cross section and about 10 u in diameter.
The fibers are supported by loose tissue network of subcuticula
origin.
The dorsal cephalic ganglion . This is the smallest of the
anterior ganglion (Figs. 190-193) and is situated on the inner
side of the dorsal longitudinal band just beneath the nerve ring.
It consists of but three small cells which give rise to the dorsal
nerve, which in turn continues posteiorly in the dorsal line.
The ventral cephalic ganglion . This ganglion is horse-shoe-
shaped (Figs. 189-193) and lies at a little more posterior level
than the dorsal cephalic ganglion. From it passes two large masses,
fibers to the nerve ring (Fig. 187), and posteriorly the collected
fibers from the ganglion passes towards the tail in the ventral line
IEhis ganglion consists of about twenty- five cells of varying sizes,
each having a relatively large nucleus with a single nucleolus.
Further, from this ganglion passes a right and left commissure in
the subcuticula to reach the two lateral cephalic ganglia.
The post-ventral cephalic ganglion . This ganglion appears
a short distance posterior to the ventral cephalic gar.glion and
in the course of the ventral nerve (Fig. 194). As a matter of
fact it appears at the opening of the excretory duct, lying im-
mediately above it, and is composed of three or four small cells.
=4
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Goldschmidt has described a similar ganglion within the course of
o
the ventral nerve in Ascaris and these two are probably homologous
.
The lateral cephalic ganglia . These (Figs. 112, 189, 193)
are by far the largest of the ganglia and are directly connected
to the nerve ring (Figs. 112, 189), altho Looss failed to find
such connections in duodenale . These ganglia begin on about
level of the ring and gradually increase in size, occupying the
inner margins of the lateral lines, even dipping in between their
two halves. Posteriorly
,
they diminish in size, until a few
cells string out nearly to the level of the cervical papillae.
The commissure to the ventral cephalic ganglion has already been me
mentioned. A nerve goes from each ganglion to the cephalic papillae
on the same side and posteriorly the lateral nerves arise. I can
be certain of only one on each side, and these continue caudad
in the lateral lines, in the anterior region of the body, near the
cuticula and in the mid-lateral line. There are about thirty
cells in each ganglion.
The cellular elements of the anterior ganglia . At the
hands of both Apathy and Goldschmidt, the minute structure of the
ganglionic cells in Ascaris have received special attention, and
these authors have offered many interesting considerations, most
of which involve physiological inferences and explanations which
lie outside the present work. In brief, Goldschmidt has found
that typically three zones exist in the ganglionic cells, an outer,
middle and inner. The outer zone is made up of a rather course
alveolar structure and borders the/cell. The middle layer has
smaller alvcfioOae and is continuous with the nerve process. The in-
ner zone, also alveolar in structure, lie immediately around the
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nucleus. Various modifications occur in the various cells of the
ganglia,, so that in most of the bipolar cells one fails to re-
cognize separate zones. Furthermore, one often notes that the bor-
ders of the alvolae are so arranged as to given the cell the
appearance of being made up of radiating structures, and again
this latter type of cell may be further modified to present a
"central body" around the nucleus, which is continuous with the
neurofibrills
.
Tigroid substance is present in varying amounts
in all the cells.
While so complete a study of the histology of the nerve
cells in americanus has not been made as Goldschmidt has done in
the case of Ascaris
.
I have nevertheless satisfied myself that the
conditions here, while essentially like those in this genus are
not so complicated. These cells are small, the largest having a
short axis of about 30 ji and the structure is therefore hard to
make out. In only a few instances could neurofibrills be recognized,
but in good preprations one can see and follow for some distance
the nerve processes of the cells. Figures 84-87 show several
cells drawn from one of the lateral ganglia. In none of these cells
have I been able to recognize three distinct zones altho there is
usually a thickened area around the nucleus. Figure 86 shows a
central body and distinctly radiating protoplasm and the nerve
fiber continuous with the central body, exactly as Goldschmidt
has figured it for Ascaris . The other cells show beautiful
alveolar structure but zones are not marked off. In the bipolar
cells the alveolae are very small.
Within the cephalic ganglia has been noted only two types
of cells, agreeing with Goldschmidt ' s unipolar and bipolar types.
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Perhaps multipolar cells exist also, but these have not been seen.
B. The longitudinal nerves
These nerves are extremely difficult to trace thruout their
courses and I cannot give a positive statement of their beha¥ior
except in certain regions. The dorsal nerve continues to the tail
in the dorsal longitudinal line, supplies the somatic muscles
with nerves and diminishes to an uneventful ending near the poster-
ior end of the body.
The ventral nerve is the largest of all and can be found in
the ventral line (Figs. 149, 182). This nerve also supplies the
muscles of the body and in the posterior region enlarges graetly.
Its ultimate fate will be considered in a special section.
I am not at all sure of the lateral longitudinal nerves,
they are small and arise at the base of the lateral cephalic gan-
fclia. Each gives a branch to its corresponding cervical papilla
(Fig. 65) and continues posterior in the lateral lines. I am
unable to say whether these nerves are doubled or single thruout
their courses. They become involved in the complicated structure
of the caudal end of the body, which is so different in the two
sexes as to demand separate consideration.
C. Caudal nervous system of the female
As the ventral and lateral nerves approach the tail they
become much thicker and here I feel sure that there is only one
lateral nerve in each lateral line, carried near the excretory
canal and taking its place in position when it, the excretory canal,
ends. (See textfigureH )
.
Just anterior to the anus a ganglion appears in the ventral
nerve and contains from four to five cells (Fig. 146). A relatively
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large commissure passes on either side from this, the anal ganglion,
around the rectum to join with the rectal ganglion which lies on
the dorsal side of the rectum a little anterior to the anal gan-
glion. This rectal ganglion has only three cells in it , a large
median one and two smaller laterals.
There are right and left ganglia in each lateral nerve (Fig. 83
called the lumbar ganglia, each consisting of five or six cells
and these lie a little posterior to the level of the anus on the
inside margins of the lateral lines. A small commissure connects
the lumbar with the anal ganglion. Nerves continue into the tail
from each lumbar ganglion and two small nerves pass posteriorly
from the anal ganglion, one on either side of the anus.
D. Caudal nervous system of the male
It will be noted that this very closely corresponds to
the condition in A± duodenale
.
the most important difference, which
is of no consequence, being that in the hookworm there is a paired
anal ganglion; in this respect it differs from the condition found
in Ascaris and americanus . The same statement might hold true
for the female caudal end as well. One other difference will be
pointed out later on as regards the males.
While difference occur in the two sexes in respect to the
nervous system in the caudal region of the body, they can still be
homologized in most instances, if not entirely.
The ventral nerve becomes very much enlarged at the begining
of the region of differentiation in the caudal end of the body
of the somatic muscles (Fig. 182), and here and there, branches
from these caudal muscles bend over to the ventral nerve for
their innervation. Just anterior to the ano-genital aperture there
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is found t e anal ganglion (Fig. 175). In the males as in the
females this ganglion is not paired, but in the former it is very
much larger, for it contains about twice as many nuclei. From
this ganglion I have been unable to trace nerves but two commissures
were found. These arise very close together and pass dorsally
(Figs. 168, 171, 172, 195) and at the same time anteriorly, one
one of them assuming a more anterior position than the other. This
one goes to the rectal ganglion (Fig. 173) which lies on the dorsal
side of the rectum in the same relative position as the rectal
ganglion in the female.
As in A^ duodenale this ganglion seems to have been divided
for another small one is found posterior to it and between the
Spicular canal and the rectum (Fig. 173). To this ganglion, the
sub-rectal, the second commissure from the anal ganglion passes.
In its course are found lying on either side of the cloaca, for
this commissure passes obliquely around the cloaca, and since
corresponding cells in duodenale have been called by Looss, the
cloacal ganglia, I propose t6 retain the name for the structure
here described . (Fig. 171).
In the lateral lines, begining a little above the anus are
found ganglionic cells in the course of the lateral nerves. At
first these are but a few cells, but on passing backwards, the
number of cells in each lateral line becomes greatly increased
(Fig. 174), until below the anus there is a considerable mass of
ganglionic cells, which continue almost to the tip of the tail.
Nerves from these ganglia supply the ribs of the caudal region of
the male. I have tried to find one or more commissures to the
anal ganglion, for they surely must exist, but so far the attempt
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has been unsuccessful, for the region is very hard to study on
account of the conditio© of the tail in preserved specimens, it
usually rolls in such a manner as to preclude the possibility of
getting good sections.
Looss has noted in A. duodenale three pairs of lateral
ganglia in this region and he has termed them begining anteriorly,
the lumbar, postlumbar and costal ganglia, but since in _C_^ americanus
there is no definite division of the ganglia, I propose to call
this pair in this species, the lumbar ganglia, believing them to
Q
be homologous with those in the female and possibly with all three
pairs in the case of iU duodenale .
Nething of especial interest happens in the case of the dor-
sal nerve in the caudal region of the males.
E, The sensory endings
General. While sensory endings are more varied and of
greater frequency in the free-living nematodes, they are by no
means lacking in the parasitic species. Unfortunately no detailed
study has been made on the free-living forms and only in the genus
Ascaris has a careful and more or less complete description been
given of the sensory endings in parasitic nematodes.
By position there are three groups of sensory endings in
most nematodes, altho one or maore, or perhaps all may be lacking
in special cases. Typically then, are found papillae with sensory
endings in the head region, a pair in the "neck" region in a lateral
position and finally papillae in the caudal region of the male. So
far as known there are no nerve endings in the caudal
,
papillae
of the females when such structures occur, but no statement is
found in literature which points to a careful study of this point.
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It is oat of the place to enter into the discussion between
Goldschmidt and Deineka and I have little to offer in support or
against either of the two authors. In americanus the structures
are all very much simpler and almost totally unlike those in
Ascaris; in addition to this, there is the unfortunate fact that
the structures are so small as to preclude the kind of work done
by these two authors mentioned above. Since there are no "head"
papillae in americanus one can omit a discussion of their
work on the T^epillae of the lips of Ascaris ; a few words will
indicate some of the points brought out by Goldschmidt, since his
work is very complete and differs from .that of Deineka only in
interpretation ana a few minute points of anatomy which being so
different in americanus do not concern this paper.
The cervical papillae are found laterally in Ascaris and
do not project out into the exterior. They are rounded masses of
subcutieula which have pushed up into the cuticula. In the lateral
line, connected with these papillae, are found two cells, the
Stiitzzelle and the Geleitzelle; the former contains the nerve,
which in thisccase, before its end, has an enlargement, then it
has a deeply staining swelling and finally a very dark staining
"Trichterplatte" and an end body for the very terminal portion of
the nerve. The neurofibrillae do not pierce the covering of the
body, the entire structure of the papillae being below the surface
and covered by the cuticula.
In the anal papillae one sees a different structure in the
genus Ascaris . Here the cuticula is projected out into a more or
less pointed papilla and at its periphery is a minute hole lead-
ing, into a canula which is a part of the Stutzzelle and contains
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the nerve. The sensory apparatus consists of from one to three
nervesfibers which are very simple. There is a chromatic portion
of the nerve near its periphery which stains deeply. The Geleit-
zelle is lacking.
Loosssmentions the innervation of the cervical papillae in
A . duodenale but has studied the entire structure very little. He
said that the pulp of the organ was of subcuticulaand that its
nerve supply was from the post-lateral cervical ganglia. No details
of the nerve endings were given. The innervation of the few papillae
in the male tail he stated to be from the posterior ganglia. ITo
details of their structure was given either.
The posterior ribs of C . americanus . Strictly speaking there
are no true papillae in the tail of the male but the structures
usually referred to under that name are really ribs, if one con-
siders a papilla as a formation from the entire cuticula, while
a rib is covered, except at its tip, by only the lower layer or
layers of the cuticula.
In C_j_ americanus the cuticula divides into two layers at
the begining of the lateral alae (Pig. 18E ) , and as has been
mentioned previously, are short, cylindrical ribs (Pigs. 182, 169)
which occupy certain positions extending between the two layers.
These are tubes covered over by the lower layer of cuticula from
which they can be seen to arise in Figure 89. Into these tubes
the suncuticula extends.
At the periphery of such a tube is a minute canula which
extends down into the tube one micron and is evidently a nroduct
of the subcuticula. Over the psripheral end of the tube of the
lower layer of the cuticula, there extends the outer layer, so that
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this end of the rib becomes enclosed in a cap of outer cuticula.
The nerve endings in the papillae are interesting. They
consist in each case of two minute fibrillae which run in the sub-
cuticula very clcse to the inner siies of the tube and terminate
in two chromatic portions (Pig. 90), which spherical in shape and
lie at the base of the little canal. If, as in the case of the anal
papillae of Ascaris
.
minute fibers run into the canula from the
chromatic portion, I have been unable to trace them. Special
supporting and accompanying cells for these papillae could not be
found but - their innervation is from the posterior ganglia. In
short they seem to be combined ribs and papillae. All of these
ribs have the same kind of structure except that the postanals
and paraanals are shorter and thicker (Fig. 88). Usually the
peripheral end of the tube is slightly dilated, this condition
being more marked in the post- than in the pre- anal papillae.
The cervical papillae . These papillae are but very slightly
raised above the general contour of the body and are not exactly
lateral, they being slightly dorsal to the middle of each lateral
.
line
.
The "pulp" of the papillae lies well embedded in the cuticula
and is in the shape of a little knob, not perfectly smooth in out-
line, but slightly bulging, so that in sections one sees little
swollen sides of the knod (Figs. 65-67). This knob is composed
of subcuticula. Here again I have been unable to locate the two
cells found by Goldschmidt in connection with this organ in
Ascaris .
The nerve supply is from the lateral nerve (Fig. 65), a
branch comming off anterior to the papilla and then running into
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it as a moderate sized bundle of fibers. These fibers enri peri-
pherally in a deeply staining mass at the termination of the knob.
Set into this structure thru a hole in the cuticula is a minute
spine which has ite inner end directly above the nerve ending.
Here it would seem that the whole structure is remarkably
simple and its mechanism is easier conceived than in the case of
Ascaris
.
for in americanus there is a spine to communicate the
stimuli to the nerve endings, while in the case of Ascaris it is
necessary to assume that the stimuli are transmitted to the nerve
endings thru the direct effect on the cuticula itself.
In most free-living nematodes the so-called amphids are
found in a somewhat similar position to the lateral cervical papilla*
in the parasitic species and it would be decidedly worth while to
study these two structures in a comparative way to see if the two
are homologous.
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PART 3
VI. YOJIIG FEMALES
General appearance
From time to time, in the examination of turtles for C
.
amer icanus
.
there appeared young forms, so that in the examination
of all the turtles made, perhaps as many as 150, I have been able
to collect about twelve such individuals. These are all females
(Figs. 100, 101) and are near the same age if the lengths of the
bodies, thickness and conditions of the genital organs are indica-
tions of their ages.
Theyaare about in the same proportion as the adults are,
so far as the body size is concerned and each has already the three
spines (Fig. 105) on the tip of the tail. The esophagus is divided
into two regions and the "bridge cell" is present (Fig. 138). The
intestine shows some pigment and the tail is about 0.10 mm. lon£.
The ovijector can be seen near the middle of the body and from
it stretch out, as two arms, the anlagen of the genital organs.
The oral apparatus is present, light yellowish-brown in color and
differs somewhat from the adult, th* details of which will be taken
up later.
Seven individuals have been studied in regards to certain
measurements which appear in Table VIII.
It will be seen that these specimens range in length from
3.3 mm. to 4.7 mm. As they increase in length the diameter of the
body also increases so that the smallest one has its greatest
diameter 0.10 mm. which was taken a little anterior to the anlage
of the ovijector, the longest worm is 0.14 mm. thick. It will be
seen at once that the ratio between the length and the thickness
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is not exactly constant but very nearly so, which is not the case
in the adults. In these young worms the ratio is about 1:33. It
would seem therefore as if the mature worms grow longer faster than
they grow wider, while in the young forms both dimentions grow
alike. Undoubtedly the development of the embryos within the
uterus accounts for the difference to a great extent, so in the male
the development of the testis explains this, since elongation is
probably more easily accomplished than enlarging in diameter.
The average of the lengths of the anterior region of the
esophagus is 0.36 mm. which is not greatly below that of the adu t
females, while in two individuals this region of the esopha?u.s
is as long as in some adults. In other words this regions is
almost grown in individuals in which the oral apparatus is not
yet completely for...ed ant the reproductive organs are extremely
immature
.
The average length of the second region of the esophagus
t
is also but a little shorter than in the casecof adults, butvhere
again one finds in certain individuals that this region is already
as large as in someadults. The average length in these younger
forms is 0.46 mm. That the esophagus develops early and to its
maximum length is clearly shown in the case of this species.
While the lengths of the two regions of the esophagus com-
pare very favorably with that of the adults, the thickness of this
organ is less in the younger individuals as would be expected,
since the body widths are so much less. The greatest thickness of
the anterior region of the esophagus in the younger forms is about
0.055 mm. while in the average of the adults it is about twice
as great. The growth then comes in the diameter of the organ
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rather than its length. If there is a correlation between t v e two
it would be interesting to know, butvthe material at hand is not
great enough to study this point.
Another very interesting rationis that between the post-
and pre- vulvar regions. It will be recalled that in the smallest
females which were mature, that the urevulvar region was longer
than the postvulvar region. This is also true in the case of
every one of the immature individuals, so that the rationbetween the
two regions is, in the worm 3.3 mm. long, 1:1.20 and this ratio
diminishes with a fair degree of regularity, considering the few
specimens, to a ratio of 1:1.13. The ratio between the two regions
in the youngest mature female in 1:1.10 which is in series with
the ratios of the immature specimens. This demonstrates that at
first, even in the very young specimens that the prevulvar region
is greater in length and that as the female grow the postvulvar
region outgrows the anterior portion of t e worm. This seems to
be due not alone to the presence of the growing embryos, but rather
to the growth of other tissue as well, since the same thing is
noted for the individuals without embryos.
Since the structure of most parts of these young forms is
essentially like that of the adults and so much detail has been
given for the latter, only those organs which differ greatly
will be discussed. Under the section on the cuticula of the adult,
that of the young form ahs been treated so that Ifliere remains but
to take up the oral apparatus and the genital organs; of these
the latter will be considered first.
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VII. MBASUHBMBHTB OF YOUNG FELIA.LES
Length Length Length Length Ratio
No. lBody Body anterior posterior prevulvar postvulvar prevulvar:
length thickness portion portion region region postvulvar
esophagus esophagus lengths
1* 3.3 0.10 0.36 0.41 1.8 1.5 1:1.20
2* 3.5 0.10 0.34 0.46 1.9 1.6 1:1.18
3* 3.7 0.11 0.33 0.44 2.0 1.7 1:1.17
4 4.0 0.12 0.39 0.48 2.1 1.9 1:1.11
5 4.2 0.13 0.36 0.49 2.3 1.9 1:1.12
6 4.7 0.14 0.36 0.45 2.5 2.2 1:1.13
7* 4.7 0.14 0.40 0.50 2.5 2.2 1:1.13
*Without dorsal and ventral spike on oral apparatus
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Female reproductive organs
The shape of the reproductive organs is that of the letter
T with one arm bent over after a short distance and running back
parallel to the cross bar. The T slants posteriorly. The upright
of the T 18 represented by a small cavity surrounded by cells,
lined near its base with an extremely thin layer of citicula. This
portion (Figs. 61, 159) is the ovijector and in the longest forms
at hand is about 70 ji and 25 jl wide. In the shorter specimens
it is about as long as wide. There are as yet no projection of
the cutieula in this region, so that the typical vulva does not
exist, and there is no opening of the anlage to the exterior.
In sections, this ovijector shows that it is composed of
two layers of cells (Fig. 61) just as the corresponding region
of the adults, but the inner layer here has at first more than
four nuclei in cross section, differing therein from the condition
found in adults. Since by position this region is the vestibule
and is later heavily lined wit' cutieula, the suggestion is here
made that these cells in the younger specimens give rise to this
lining. Liediad (Fig. 59) this condition changes so that there are
but four cells seen in cross section as in the case of the adult
and the circular musculature is quite well represented. This is
the region of the vagina and trompe, which passes into a very small
tube of cells running off in two strings, one passing anteriorly
and the other posteriad.
These tubes do not have a muscular layer and the tubular
condition is not very evident aft r a short distance (Fig. 48)
for the tube is so small and the cells so large that they fill
in the cavity. The nuclei are especially large as compared with
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the total size of the cells.
Posteriorly this string of cells continues to a little over
half way between the vulva and the posterior tip of the body and
must be the anlage of the posterior uterine branch. The branch
which passes anteriorly represents the future anterior uterine
branch, the oviduct and the ovary. About 0.60 mm. from the vulva
it makes a sudden tarn and then runs posteriorly to within a short
distance of its origin. This condition was nGted in every individua
and leads me to believe that the region from the ovijector anlage
to the point of the turn is the anlage of the anterior uterus,
for in the adult there always occurs a turn at the end of the
uterus and the oviduct passes posteriorly. The rest of the string
of cells is a little thicker but with no :1 iffe rentiat ion in it.
A muscular layer of the oviduct could not be found \n this
material
.
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The mouth apparatus
Altho some features of the mouth or oral apparatus as it
exists in the young individuals havebeen considered earlier in the
paper, there are other points which call for description here.
In general the same plan of construction is present in the
young worms (Fig. 103) as in the older ones, hut ig. the former
the structures are much smaller and more delicate. Table IX gives
comparative figures fro both.
IX. MEASUREMENTS OF ORAL APPARATUS
Parts measured Young females Old females
Length 0.070 mm. 0.105 mm.
Width 0.080 0.160
Thickness outer layer 0.007 0.010
Thickness inner layer 0.004 0.005
Height of teeth 0.004 0.005
Diameter of the ring 0.050 0.100
Extension of ring below valves 0.030 0.017
The shape and structure of the lateral valves is almost
identical with that of the adults. They are of a slightly lighter
color but have as many longitudinal ridges as in the adults (Fig.
115). The two layers, which have been mentioned before are demon-
strable by staining reactions and these are slightly thinner than
in the case of adults ,and the ridges are not quite so high. The
two valves are united along their dorsal and ventral margins
(Fig. 5, 115) and as in the case of the adults thay are in con-
tact with the cuticula.
The four giant ce Is are developed at this stage and ap-
parently can function, for the worms are as tightly attached in pro
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portion to theirosize to the mucosa of the host's intestine as are
the adults.
The anterior wings (Fig. 116) are well developed but are
smaller than in the adults and essentially like them. Whether the
valves covers exist or not could not be ascertained from the amterial
at hand.
Two striking differences exist in this young oral apparatus,
the first of which is the condition of the ring. It will be noted
by reference to the table that while the ring is only half so
large in diameter, it is twice as broad as in the adults, that is,
it extends further posteriorly from the margin of the valves. It
must be remembered that the esophagus is narrower in these young
forms and the appearance in the adults is as tho it had pushed
out the margin of the ring when it exoanded.
The second characteristic of this mouth apparatus is the
absence of the tridents. In some of the individuals the dorsal
and ventral margins of the valves are perfectly smooth (Fig. 102)
while in others there projects out a small process from a point
just below the union of their anterior margins. These projections
vary in length in different specimens, the longest being 5 ji
(Fig. 103). Ho indication of a cleft condition has been found and
in all individuals they appear as single spikes. The significance
of this will be discussed in the next section of the paper.
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Summary - Part 3. Importance of the species
From a study of the material at hand it is not wise to
state positively the stage of these larvae, which have just been
described. However, the majority of facts indicate that t ; ey
are, as yet, in the fourth stage, following the monenclature of
Maupas. That is to say, they will moult again in the intestine
of the host, just as do the hookworms.
There are some minor objections to this hypothesis; no
indication has been seen in any of the individuals which suggests
the preparation for the final moult. Uo deposits appear beneath
the cuticula, andtthe coverings of these forms corresponds to
the outer layer of the cuticula of the adults, as has been pre-
viously stated. Further, no indication of the formation of a
second or final oral apparatus has been noted and the series
of dorsal and ventral projections suggests the anlage of the tri-
dents, which by further growth would develop into the adult
structure. Finally in no individuals found has anything been
seen which would suggest a moult within the intestine of the
host.
At the same time there is no positive proof that another
moult will not take place. The failure to find intermediate
stages is of course not sufficient ground for assuming that t ere
will be no further development, and since the individuals are
all so near the same condition of development, one would hardly
expect to find different phases among them.
Up to the present time the most conclusive evidence for
considering these forms as being in the fourth stage, is in the
first place, growth of the oral apparatus, in particular growth
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in outside dimentions, is very difficult to explain. Before the
form reaches maturity that organ will have to grow to twice the
size it is in the young specimens. The second point in the
evidence is found in the condition of the genital organs. The
fact that no opening to the exterior has been found in very strong
proof that. this form is not yet in the fifth stage, especially
since the vulva is absent and the ovijector is so extremely un-
developed. Until more material is found a conclusion on this point
cannot be reached.
Considering all the information given in this paper on
the morphology of the adults and the young, it becomes evident
that this is a very important nematode species. In the first
place this form is from a water host, and members of the genus
Camallanus are found parasitic in host of three Phyla. The
hosts are from among the fishes, batrachians and reptiles, all
animals inhabiting water for the greater part of their lives, and
species of this genus have been reported from both fresh- and
salt- watrr hosts, in Europe, Africa and America.
In the next place this particular species is not only a
memb~r of the genus Camallanus but is in the great Superfamily
Spiruroidea, one of the most interesting and fundemantal groups
which exists. Urjon the correct interpretation and description
of its members will depend in a great measure the future know-
ledge of nematodes, especially from a systematic standpoint for
this family clearly consists of a group of intermediate species.
The divided condition of the esophagus and the two lateral lipped
condition certainly constitutes one of the fundemental and im-
portant divisions of the Uematoda.
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The nematode parasites of these water hosts as a rule show
characters which more closely resemhle the free-living species and
thus relates them, than do the parasites of the strictly land
hosts. In this connection, a full discussion of the significance
of the divided esophagus and the condition of the excretory system
has been given in the paper and no further word is necessary here.
Again, the simplicity of the special sendings of the nervous
system indicates priraative conditions. Hot only are these endings
in themselves very simple, but they are connected to the exterior
while in Ascaris this is not thecase. The rest of the nervo is
system, while complete in the essentials, is much simpler than
in the case of the higher species of nematodes, as for example
in Ascaris .
Hot only does the condition of the excretory system and the
function of the large cells in the esophagus suggest a relation-
ship with the family Trichotrachelidae , which certainly are not
very advanced above the free-living state, but the reproductive
organs of the female are very much like those of this family.
Even in the viviparousness of the family the genus Camallanus
resembles it.

PART 4
VII. SUGGESTED POSSIBILITIES FOR NEMATODE CLASSIFICATION
For many years authors have tried to find a natural scheme for
classification of nematodes, but owing to the lack of information
on the embryology and morphology of the group, little head-way
hd^been made.
There has been in t e past only one classification which
has commanded the attention of zoologists generally, and that
was proposed by Schneider in 1866 and already referred to in this
paper. Originally, he grouped the nematodes into three main di-
visions and was content to include certain genera under each,
omitting any further subdivisions. His classification is given
below in free translation.
A. Polymyarii . Many somatic muscles are seen around the
body wall in cross section. Here he included at that time the
following genera: Ascaris
.
Eustrongylus
.
Enoplus
.
Physaloptera
.
Heterakis
.
Filaria
.
Ancyracanthus
.
Hedruris
.
Ceratospira and Cucullan
us ( Carnallanus )
.
B. i.Ieromyarii . Muscles of the body built up of eight lon-
gitudinal rows. Under this division he palced Uematoxys
.
Oxysoma
.
Oxyuris
.
Labiduris
.
Dermatoxys
.
Atractis
.
Spiroxis
.
Strongylus
.
Pelodera and Leptodera .
C. Holomyarii . The muscles of the body not divided, or
divided by longitudinal bands only. Anguilla
.
Trichina
.
Trichosoma
.
Pseu&alius
.
Ichthyonema
.
Llermis
.
Gordius and Sphaerularia .
A short time after this scheme was announced, Butschli (1873)
demonstrated the fallacy of the last group, and its members were
then considered as being Polymyarians . The two groups left are
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themselves not at all natural ones. Nothing could be more absurd
than the grouping of such forms as biennis
.
Gordius
.
Ichthyonema
.
Ascaris
.
Filaria and Camallanus
.
etc., together, and on the other
hand, forms which are usually placed together within the same
family are separated by this grouping, e. g. , Heterakis . Oxyuris
and Ascaris . Furtv ermore, by this system Ancylo stoma lies nearer
Oxyuris than it does most of the bursate forms, an unthinkable
condition. Numerous examples of this kind could be cited, and
it has become obvious that this method of classification is not
practical and entirely artificial.
Realizing the unnaturalness of such a classification, von
Linstow suggested in 1897 another method, which follows:
I. Secernentes. In the lateral line a lateral field with
slender basis which broadens centrad and spreads out over the mus-
cles; in one or both fields a longitudinal vessel that empties
forward in an excretory pore located in the ventral line. The
species live mostly in the alimentary ststem when sexually mature,
or are free-living. The lateral fields function as kidneys.
Species in the following genera are included; Ascaris
,
Fhysaloptera
.
Cheiracanthus
.
Lecanocephalus
.
Heterakis
.
Cucu.ll anus ( Camallanus
.
Sclerostomum
.
Peritrachelius
.
Ancryacanthus . Dacnitis ( Cucullanus )
.
Spiroptera
.
Spiroptenina
.
Lep to soma turn. Oxy iris
.
Oxysoma
.
Ilemat oxys
.
Strongylus
.
Anchylostomum and Trichina .
II. Eesorbentes. In the lateral lines are broad fields, at
times one-sixth the entire circumference of the body; they have
the same thickness as the muscles and carry nd. vessels; the ex-
cretory pore is lacking; the lateral fields appear to have an
absorbtive function. The species ..hen mature do not live in the
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alimentary canal of their hosts. Here are included Filar ia
.
Filaroides
.
Disoharagus
.
Dracunculus
.
Kustrongylus
.
Ichthyonema
.
Pseudalius and Angiostomurn .
III. Pleuromyarii . In the lateral lines stand muscles; esojha
geal lumen often a narrow chitinous tube, in some genera the
intestine in entirely lacking. Trichosoma
.
Trichocephalus
.
Gordius
.
Itectonema
.
Mermis and Echinorhynchus .
There are a great many objections to this grouping , In the
first place the basis of classification is both artificial and
not practical. The preparation of the kind of sections which
would be necessary for such is very hard to complete and would
require too much time. The separation of Trichina from Trichosoma
and Trichocephalus is of course unwarranted as are many other
similar decisions. The last group is a grand mixture. In the
first palce Gordius and the Acanthocephala are not Hematoda and
have no place in such a division. Nectonema should not be con-
sidered here either. The whole system and grouping is of no
value and should not be considered in the future.
In recent times the French zoologists have been inclined
to separate nematodes into superfamilies and thento divide these
into families, subfamilies and genera. They have even proposed
subgenera. So far very little description of these divisions
has been offered and they have held to no systematic proceedure.
In some groups these zoologists use a certain set of characters
and in others entirely different ones, so that each group is
described in different terms and the relations of the greater
droups are therefore not easily traced. many of their divisions
are not described at all, so that no limits can be placed on them
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as yet. 1'hat they are pointing out some interesting facts, goes
without saying, but more information has yet to be set forth be-
fore one can judge of the significance of their work.
The last general division of the nematodes has been made by
Wards (1917) who has divided them into two great divisions, the
Trichosyringata, which he defines as follows: "Esophagus slender,
non-muscular; lumen a capillary chitinous tube traversing a row
of granular cells", and the Myosyringata, "Esophagus prominent,
muscular, with triradiate lumen". This grouping includes in one
division all nematodes with the exception of the families Tricho-
trachelidae and Mermithidae, which are placed in the Trichosyringata.
That this grouping is a very logical and happy one is easily
defended. The detailed study of the esophagus in americanus
and some of the other forms has demonstrated its importance, both
anatomically and physiologically. The absolutely different
condition in the two groups is evident from any stand point and is
fundemental. Furthermore, this division amkes a perfectly natural
one so far as the information on these forms is available. For
the subsequent division of these groups a great d/§je)l of investiga-
tion will be necessary, yet at the present time some suggestions
are, not out of place in this connection.
Since the smaller group contains forms of such varied nature
there is a very good chance for finding characters which will
differentiate them, e .g., males with one, two or no spicules
and with one or two testes, conditions of the bacillary bands
and the length of the esophagus, etc. There are in the Liyosyringats
as yet few good sub-divisions on account of the lack of accurate
information of these forms.
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Several possibilities have presented themselves. One of
these has been used by Ward and seems so far to be fundemental.
The feature used in the anterior end, and in particular the con-
dition of the oral , apparatus . He has pointed out three distinct
conditions, (1) a mouth built up on the dorso-ventral plan. An
example of this is presented by Ascar is
.
where there are three
lips, but placed so that the mouth is a right and left opening.
(2) Lateral mouth parts, of which the genus Camallanus furnishes
an interesting case. Here the whole oral structure is devised on
the lateral plan, so that the mouth opening is a dorso-ventral
slit. It is obcious that the two cannot become confused. (3) The
last type is where the mouth is built on the circular pain, here
there is a true buccal capsule as in the case of the sclerostomes
;
the mouth parts in Camallanus are therefore not of this class and
should not be referred to as a buccal capsule, they are lips or
jaws. Physiologically there seems to be some difference between
the three groups. The first are munchers, the second, grasping
forms and the last sucking individuals. Other groups based on
different conditions of the oral parts will be found when more
species are known.
There are other points which will have to be considered in
the future classification of the nematodes. The bursate forms
and those without buras will have to be grouped, but this cannot
be done until a thoro study is made of these structures. Those
forms with caudal alae ahve up to the oresentvtime confused
workers in this group and no clear distinction has been made
between t!:ese types of caudal ends. What is needed is an accurate
definition of the term "bursa". If it should ha open that all
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bursate nematodes have cement glands and by their secretion are
attached to the female during copulation, while in the alar forms
there are no such glands and the males grasp the females by the
action of the modified somatic muscles, then one would exoect some
modification in the shape of the vulva; thus this distinction
would be valuable. Further difference between a bursa and an
ala is found in the fact that the former is supported by rays
while the latter type has ribs for its support.
The importance of the esophagus should not be overlooked.
Regional differentiations, and the presence of ceca sho ild
receive their share of the responsibility for the separation of
groups
.
Of some importance in the general plan of the female re-
productive organs, which the lengths of the hard parts, such as
the oral armament, spicula, gubernacula, etc., shapes and re-
lationships of other organs will furnish the best specific
characters. Occasionally special structures are met with, such
as spines, papillae, suckers, bristles, alteral body alae, etc.,
and these will have important bearings on t ie generic and specific
diagnosis as will the position of the vulva and the absolute
length of the esophagus.
However, no system will be successful until a minute des-
cription of many species of nematodes is given and comparisons
made of these detailed observations. It is hoped that the des-
cription herein given will be of use in filling one gap in our
knowledge of this intricate and important group of animals.
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VIII. SUMMARY AND CONCLUSIONS
1. The material used for this study was Camallanus americanus
nov. spec, found in the small intestine of turtles of the fol-
lowing species and in different parts of the Unites St&tes of
America: Chlydra serpentina
.
Chrysemys marginata
.
oicta
.
scripta
and Malacoclemmys lesueuri from my own collections and Chrysemys
trossti and elegans and Aromochelys odoratus from the collection
of Professor Ward. The percentage of infection in nearly eighty
and most turtles yield about fifteen to twenty parasites. They
have not been found in the few soft- shelled turtles examined.
2. The usual technique employed was the use of the new
differentiator, vacuum embedding and mounting; staining by a
modification of the van Geison method gives good results for
sections
•
3. The description of the genus Camallanus Railliet and
Henry 1915 is given, corrected and amended according to the new
facts learned in the study of the new species and other members
of the genus. The measurements of the members of this genus are
given in the table .
4. Camallanus americanus is distinguished from the closest
related species by the size of the hard parts and their shapes,
conditions of the female reproductive system and the female tail.
These are the only points that can be compared since these are
all that are given by previous authors. A nematode called by
Seurat "C. microcephalus" has been shown to be a new species and
is named Camallanus seurat
i
.
5. Evidence is given to demonstrate the inadequacy of
nematode ratios as distinguishing features. Some absolute lengths
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seem to be specific, others tend to embrace the who}.e genus.
Descriptions of nematodes based on a few measurements and ratios
of organs are valueless, Measurements are secondary to the care-
ful description of the parts of the worms and only in the case of
the hard parts can one place any confidence in absolute lengths
or thicknesses. A study of thirty-seven individuals of the new
species has formed the basis of these conclusions and has been
supplemented by information obtained from literature. All goes
to show the fallacy of Cobb's nematode formula, at least as re-
gards the parasitic species. The esophagus obtains a maximum
length early in. 'life, but later growfc somewhat in thickness. The
members of the genus Carnal1anus are poorly described and many
cannot be identified from the descriptions given since they con-
tain only a few measurements and little of fundemental morphological
description.
6. The morphology of every system of Camallanus americanus
has been studied and given in detail.
(a) The cuticula is uninteresting morphologically but from
a chemical standpoint presents a number of important problems.
Fr<im a careful chemical analysis of the cuticula of Ascaris . it
has been shown that the cuticula is not chitin but cornein, an
albuminoid probably related to the supportive tissue proteins
of other animals.
(b) The structure of the subcuticula and the longitudinal
lines has been given in detail, and the "filling in" tissue of
the anterior end explained. It is not a ligament as Looss sup-
posed, but represents the anterior mass of the subcuticula, which
supports the nervous structure of the anterior end and perhans
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forms the oral apparatus. Here there is cell constancy.
(c) The function of excretion is undoubtedly divided between
the lateral lines, canals and the posterior portion of the
esophagus. There is a single bridge cell which is in contact
with the accessory tissue around the esophagus.
(d) The somatic musculature is of the type designated by
Schneider as Polynyrii, but is on the dividing line between the
types called Platymyaria and Coelomyaria. Part of the somatic
muscles of the ventral half of the caudal end of the male are
modified for helping in the act of copulation. They pull up the
ventrum of the body thus drawing together the two caudal alae
,
which is turn grip the projecting vulva of the female.
(e) The intestinal muscle cells are described for the male
and female, and the musculus ani for the female. Their . mechanisms
are given.
(f) The mouth apparatus is built on the lateral plan and is
described in detail. It is opened by two pairs of muscles, large
and modified from the somatic muscle cells. Errors of other
authors in the description of this interesting structure are
expalined and corrected.
(g) The esophagus is divided into two portions; the anterior
muscular and the posterior granular and probably excretory. Cell-
constancy perhaps exists. The dorsal esophageal gland has a
single nucleus and the excretory tissue of the esophagus has
two very large nuclei. There is an esophageal gland.
(h) The intestine is typical and has in it a great deal of
pigment, There is little doubt but that this pigment is the
result of some stage in the metabolism of blood of the host.
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(i) Details of the rectum and the cloaca are given. Looss'
position taken as regards the rectal cells and his so-called
"rectal ligament" i& not accepted.
7. The chief food of this species is the blood of the host.
Some metabolism experiments are reported.
8. The red color of the worms is due to the color of the body
fluid, it is without doubt some product from the host's blood.
Tissue acting like mesentaries to hold the organs in place is pre-
sent .
9. The reproductive systems^f the female is interesting. Only
the anterior ovary and oviduct are developed and the latter con-
tains a seminal recepticle. The species is viviparous and the
uteri of the adults are filled with embryos. Some of these are
already contained within their first skin which is shead a short
time after birth.
10. Two unequal, acuminous spicula exist in the males and
the typical nematode male reproductive organs are Dresent. The
spermatozoa in the seminal recepticle are oriented with their long
axes parallel to the long axis of the oviduct. Circular muscles
are around the ductus e jaculatorius and this region probably
secretes a carrying fluid for the spermatozoa.
11. The nervous sytem is simple and like most nematodes,
consists of a nerve ring, anterior ganglia, longitudinal nerves
and posterior ganglia. The anal ganglion is simple and in the
male there are large posterior lateral ganglia which supply the
anal papillae or ribs. These ganglia are most likely homologous
with the three pairs of posterior lateral ganglia in Ancylostoma .
The cells of the ganglia have been studied.
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12. The innervation of the two lateral cervical papillae
and the alar ribs of the male has been studied and the details of
the nervous endings given. Both are connected to the exterior
by special structures.
15. A few young females have been found in the several ex-
aminations made for these parasites. They are probably in the
fourth stage, and differ from the adults in three essential respects,
viz., the condition of the cuticula, the oral apparatus and the
genital organs. These parts are described and the rest of the
worm given in general features. In them the vulva is not indicated
and the opening to the exterior is not yet effected.
14. The importance of the species is pointed out and the
members of the superfamily Spiruroidea are given a place between
the free-living forms and the Trichosyringata, on thenone hand,
and the higher forms such as the ascarids on the other. They are
therefore very important and are mostly parasites of water hosts.
15. Possibilities for the future classification of the
Uematoda are given and Ward's fundemental divisions, the Tricho-
syringata and L'lyosyringata, are accepted. His secondary division,
based on the condition of the oral parts is a logical and natural
one •
16. Nematode classification cannot hope to make a great
advance, however, until more species are accurately and minutely
described
•
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X. EXPLANATION OP TEXTPIGJRES AND PLATES
Textfigares
a.g. anal ganglion
1,-1, comm. ano-lumbar commissure
ant. 1. anterior lateral nerve
ant. u. anterior uterine branch
a. -r. comm. ano-rectal commissure
b. bridge
b. c. bridge cell nucleus
c. c. carrying cell nucleus
e.g. cloacal ganglion
d. c.g. dorsal cephalic ganglion
de. ductus e jaculatorius
e. d. excretory duct
lat. comm. lateral commissure to lateral ganglia
I.e. lateral excretory canal
l.c.g. lateral cervical ganglia
l.g. lumbar ganglion
l.n. lateral nerve
n.r. nerve ring
od . oviduct
ov. ovary
post.u. posterior uterine branch
p.v.c. post-ventral cephalic ganglion
r.g. rectal ganglion
s . sphincter of ovijector
sr. seminal recepticle
sr.g. sub-rectal ganglion
sub.l. anterior sub-lateral nerve
sup.l. anterior supra- lateral nerve
sv. seminal vesicle
t (female) trompe
t (male) testis
v. vestibule
v.c.g. ventral cephalic ganglion
v.n. ventral nerve
Plates
au. anterior uterine branch
d.i. dark inner layer of cuticula
d. o. dark outer layer of cuticula
e. g. esophageal gland
e.m. extensor muscle of spiculum
g.m.c. giant muscle cell of the oral apparatus
lg . lumbar ganglion-female
l.i. light inner layer of cuticula
1.1. lateral line
l.o. light outer layer of cuticula
n.z. nutritional zone of gut cells
od . oviduct
o j . ovi jector
ov. ovary
pp. postanal papillae or ribs
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r . ring of oral apparatus
r.m. retractor muscles of spiculum
s esophageal valve sphincter
sc . subcuticula
sr. seminal recepticle
sp . spiculum
t . trident
t.p. tunica propria of posterior region
of the esophagus
w . anterior wings of the oral apparatus
All scale lines on the plates refer to 0.01 mm. unless
otherwise noted.
The magnification of the drawings as given in the ex-
planations are as originally drawn, they were reduced by photograph
to about one-half.
All drawings were made with a camera lucida. The slide
series number is given for each illustration in parenthesis in
the explanations.
Erratum
Read "trident" for "triacus" in every case.
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Plate 1
Fig. 1. (109-1) Lateral view of the mouth apparatus of a male.
x600.
Fig. 2. (109-1) Dorsal view of the oral apparatus of a female.
xl85.
Fig. 3. (90-1) Transverse section thru the valves, illustrating
valve covers, layers of the valves and the fact that they are free
from each other anteriorly. x600.
Fig. 4. (40-1) Transverse section of the oral apparatus at
the base of the valves. Note the contact made with the cuticula, the
four granular masses of the subcuticula in the angles of the tri-
dents and the four giant muscle cells. The dorsal and ventral bands
are present. x350.
Fig. 5. (99-4) Section tn relatively the same level in the
young female, as in the preceeding figure. Note the absence of the
tridents but the same general plan as in the adults. x600.
Fig. 6. (l00-4z) Frontal section of the oral apparatus. Note
the notch, esophageal cap and ring. The tridents are embedded in
the cuticula. x600.
Fig. 7. (40-1) Detail of the angle of the valves in an adult.
X1800.
Fig. 8. (99-4) Young female as in Figure 7. xl800.
Fig. 9. (72-3) Two views of the anterior wings from dissected
parts of the head. x500.
Fig. 10. (72-1) Dissection of the trident, drawn from the
inside. x500.
Fig. 11. (72-3) Dissection of a valve cover. x500.
Fig. 12. (72-1) Dissection of the ring. x500.
Plate 2
Fig. 13. (21-3) Structure of the cuticula, cross section.
X1750.
Fig. 14. Longitudinal section of adult cuticula. xl750.
Fig. 15. (30-2) Cross section of the cuticula of a very young
mature female. xl750.
Fig. 16. (10.4.16) Longitudinal section of the cuticula of a
male, showing the striations. xl200.
Fig. 17. (62-1) Anterior portion of the esophagus. xl85.
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Fig. 18. (62-1) Posterior portion of the esophagus. xl85.
Fig. 19. (85-1) Structure of a somatic muscle cell, trans-
verse section, from the anterior half of the body. x3400.
Fig. 20. (101-5) Structure of a muscle cell from the posterior
half of the body. Cross section. x3400.
Fig. 21. (120-1) Union of the two members of the right intes-
tinal muscle of a female. Note the nucleus and also the flattened
lateral bands. x900.
Fig. 22. (85-5) Details of the excretory canals. Note the
proximity to the posterior portion of the esophagus and the accessory
tissue connecting them both. xl800.
Fig. 23. (85-1) Excretory canal in the middle region of the
body to show relative position in the lateral bands. xl800.
Figs. 24-28. (85-1) Lining of the anterior portion of the
esophagus passing from the anterior end to the posterior. Note the
opening for the duct of the esophageal gland in Figure 26. xl900.
Fig. 29. (67-3) Anterior end of the esophageal gland and
opening of its duct into the esophagus. x!150.
Plate 3
Fig. 30. (105-2) Line of juncture between the anterior an
posterior regions of the esophagus. The tunica propria is con-
tinuous and also the lining. The structure of both regions is
represented. Note the irregular margin of the anterior portion's
lining, for the insertion of muscles. x600.
Fig. 31. (105-1) Line of juncture between the esophagus and the
intestine. The esophageal valves, one with a nucleus, are evident.
Note further the large nucleus of the excretory tissue of the esopha-
gus and the smaller one of the muscles. One nucleus of the sphincter
is shown, and the structure of the intestinal cells in that region.
x600.
Fig. 32. (90-1) Details of the esophageal valve. x600.
Fig. 33. (74-2) Details of the esophageal valve. x500.
Fig. 24. (91-1) Structure of the anterior cone of tissue in
the posterior region of the esophagus. x600.
Fig. 35. (71-1) Structure of the posterior part of the esopha-
gus, showing the two excretory nuclei. x500.
Fig. 36. (40-1) Transverse section of the posterior region of
the esophagus, showing the gland and accessory tissue, muscular
tissue and nuclei. x600.
Fig, 37. (85-1) The two excretory tissue nuclei and the gland
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cell nucleus. xl800.
Fig. 38. (99-1) Anterior region of the gut of a young female,
showing the individual cell rod-like clumps and the absence of pig-
ment. xl800.
Fig. 39. (21-2) Structure of the gut of an adult. xll50.
Fig. 40. (21-3) Structure of the gut of an adult. xl800.
Fig. 41. (103-2) Longitudinal section of the intestine. xl800.
Figs. 42-45. (82-1) Four sections in series, of th posterior
end of the gut and the anterior end of the rectum. xll32.
Plate 4
Fig. 46. (87-2) Dissection of the anterior end of the reproduc-
tive organs of an adult female. x50.
Fig. 47. (130-1) Juncture of the oviduct and uterus. x900.
Fig. 48. (31-2) Anlage of the reproductive string in the
young female. The tube-like structure of the organ in obliterated.
Cross section.xl800.
Fig. 49. (131-1) Structure of an uterine cell. xl800.
Fig. 50. (135-1) Cross section of the Keimzone. xl800.
Fig. 51. (135-1) Cross section of the Wachstumzone
,
showing
the rachis. xl800.
Fig. 52. (21-2) Structure of the ovijector near the uterus.
X1150.
Fig. 53. (21-2) Structure of the ovijector just below the
sphincter. xll50.
Fig. 54. (67-2) Longitudinal section of the ovijector. xll50.
lining. xl800.
Fig. 55. (67-2) Spindle-shaped cell from the ovijector. xl800.
Fig. 56. (87-2) Dissection of the ovijector and its union
with the uterus. x50.
Fig. 57. (87-2) Cul-de-sac of the posterior uterine branch.
x50.
Fig. 58. (130-1) Fertilization of an egg in the oviduct. xl800.
Fig. 59. (31-2) Middle region of the ovijectir of a young
female in cross section. xl800.
Fig. 60. Larva of the first stage in the uterus of the female.
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Note the four anterior cells, the thickened region of the esophagus,
the germ cells and the pointed tail. x260.
Fig. 61. (31-2) Anterior region of the ovijector of a young
female, the anlage of the sphincter. xl800.
Fig. 62. Drawing from life of the head of a larva of the
begining of the second stage, showing the four anterior cells and
the outline of the esophagus.
Fig. 63. (74-2) Transverse section of larvae in the uterus,
showing the first skin over the second. x2800.
Fig. 64. (74-2) As in Figure 63. x2800.
Fig. 65. (142-1) Lateral cervical papilla with nerve supply
from the lateral nerve. Uote the last two cells of the lateral
ganglion. xl300.
Fig. 66. (140-1) Detail of the lateral cervical papilla, show-
ing the chromatic ending of the nerve and the "trigger" protruding
thru the cuticula. xl900.
Fig. 67. (142-1) Detail of the papilla in longitudinal section
to show the entrance of the nerve. xl900.
Plate 5
Fig. 68. Dissectionoof the right spiculum. x270.
Fig. 69. (95-1) Cross section of the left spiculum. xl300.
Fig. 70. Dissection of the embellishment of the left spiculum.
x600.
Fig. 71. Dissection of the left spiculum. x270.
Fig. 72. Dissection of the right spiculum in its sheath. xl80.
Fig. 73. (146-1) Longitudinal section of the right spiculum
at its head. x600.
Fig. 74. (95-1) Cross section of the right spiculum at its
head. xl300.
Fig. 75. (95-1) Cross section of the right spiculum at its
middle length. xl300.
Fig. 76. (67-3) Cross section of the anterior region of the
testis. xl300.
Fig. 77. (145-1) Outline of the anterior end of the testis,
showing enlargement. x600.
Fig. 78. (146-2) Detail of the seminal vesicle. xl800.
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Fig. 79. (146-1) Region of the retractor muscle showing the
spindle-shaped nucleus. xl800.
Fig. 80. (118-1) The insertion of the retractor muscle on
the head of the right spiculum. xll50.
Fig. 81. (146-2) Detail of the ductus e jaculatorius . xl800.
Fig. 82. (128-1) Spermatozoa from the seminal recepticle
.
xl800
.
Fig. 83. (122-2) Lumbar ganglia of a female. xll50.
Figs. 84-87. (105-1) Detail drawings of cells from the lateral
ganglia. xl900.
Fig. 88. (104-1) Lumbar ganglia and postanal papillae of an
adult male. x600.
Fig. 89. (95-1) Cantral end of an alar rib, showing origin
from the cuticula. xll50.
Fig. 90. Detail of the peripheral end of the ribs. Showing
the plug and the endings of the nerves. xl900.
( Photomicrographs
)
Plate 6
Fig. 91. Toto of a male. xl5.
Fig. 92. Caudal alae of amale
,
showing protruding spicule
and ribs. x70.
Fig. 93. (109-1) Toto of vulva of an adult female. x47.
Fig. 94. Toto vulva region of adult femrle. xl5.
Plate 7
Fig. 95. (109-1) Dorsal view of adult head. xl31.
Fig. 96. (109-1) Lateral view of anterior region of male. x55.
Fig. 97. (109-1) Dorsal view of anterior region of female. x55.
Fig. 98. (62-1) Lateral view of mouth apparatus and anterior
portion of the esophagus. xlOO.
Fig. 99. (62-1) Lateral view of anterior region of adult
female. x60.
Plate 8
Fig. 100. (12,4. 15(W)) Toto of young female. xl5.5.
Fig. 101. (12.4.15(W)) Toto of young female. xl5.5.
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Fig. 102. Mouth apparatus of young female, showinh no pro-
projections from the dorsal and ventral margins. x235.
Fig. 105. (12.4.15(W)) Mouth apparatus of young female,
showing the projections from the dorasl and ventral margins. x235.
Fig. 104. (111-1) The three spines of the adult female tail,
Note the rectal structures. xl75.
Fig. 105. (12.4.15(W)) Tail of young female. Note the three
spines and the rectal structures. xl75.
Plate 9
Fig. 106. (85-1) Transverse section of the anterior end of
the oral apparatus, showing the wings, teeth and the fact that the
valves are separate anteriorly. x556.
Fig. 107. (85-1) Transverse section of the middle of the
valves, showing their union, the anterior margin of the trident,
the ridges, valve covers, the subcuticula and the four giant cells.
x411.
Fig. 108 (40-1) Transverse section at the base of the valves.
Note the circular region of the mouth apparatus, the round hole
leading into the esophagus and the nerve cells on the anterior
sub-ventral nerves. x290.
Fig. 109. (138-1) Frontal section of the anterior end. x!31.
Plate 10
Fig. 110. (l00-4z) Frontal section of the anterior reerion
of the body. x290.
Fig. 111. (l00-4z) Frontal section of the anterior region
of the body. x290.
Fig. 112. (105-1) Sagittal section of the anterior end of
the body. Uote the lateral cephalic ganglion and its connection
to the nerve ring. x290.
Fig. 113. (105-1) Sagittal section of the anterior end of
the..body. Uote the subcuticula and the nerve ring. x290.
Plate 11
Fig. 114. (142-1) Frontal section of t e anterior end of the
body. Uote the subcuticula and the nerve ring. x290.
Fig. 115. (99-4) Cross section of the widest place of the
valves of a young female. Note the ridges and the giant muscle
cells. The valves are united. x500.
Fig. 116. (99-4) The anterior margin of the mouth apparatus
of a young female. Note the wings. x500.
Fig. 117. (18-6) Cross section of the mouth apparatus, show-
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ing attachment in the git of a turtle. x200.
Fig. 118. (12-7) Sagittal section of the head, showing
attachment to the gat of host. xl50.
Plate 12
Figs. 119-122. (85-1) A series of sections begining at the
anterior margin of the esophagus. In Fig. 119 note the continuety
of the lateral lines and the esophageal cap. These sections show
the subcuticula structures, the anterior muscle cells, and the fact
that the tridents are embedded in t e cuticula. x411.
Plate 13
Figs. 123-126. (90-1) A series of sections just below the
anterior margin of the esophagus. These show the subcuticula
structures and the group of nerve cells anterior to the nerve ring,
x 315.
Plate 14
Figs. 127-128. (90-1) Continuation of the last four figures,
showing the posterior end of the tridents .x290.
Fig. 129. (40-1) The anterior margin of the esophagus. x290.
Fig. 130. (40-1) Cross section half way between the anterior
margin of the esophagus and the nerve ring. Note the masses of
subcuticula. x290.
Plate 15
Fig. 131. (85-1) Section at the level of the excretory pore.
Note the carrying cell nucleus, the levelness of the somatic
muscle cells and the cervical papilla, x290.
Fig. 132. (40-1) Shov/ing the carrying cell nucleus and the
ventrum turn of the canal. x290.
Fig. 133. (90-1) Showing the excretory opening. x300.
Fig. 134 (137-1) Transverse section near the middle of the
body, showing the excretory canacls, the gut, the precipitated
body fluid and the arrangement and structure of the somatic muscle
cells. x500.
Plate 16
Fig. 135. (90-1) Transverse section thru the bridge. x290.
Fig. 136. (105-1) Longitudinal section thru the bridge, the
excretory canal (left side) and the esophageal valve. xl31.
Fig. 137. Gross dissection to show the bridge, the tissue
around this region, the somatic muscle cells and the trident. xl31.
Fig. 138. (99-3) Transverse section thru the bridge of a
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young female. x500.
Plate 17
Fig. 139 (74-2) Transverse section thru the bridge. Note the
relations to the lateral lines. x315.
Fig. 140 (90-1) Transverse section thru the nucleus of the
esophageal gland. Note the granular structure of the gland and
the excretory canals, and accessory tissue. x315.
Fig. 141. (140-1) Transverse section thru the anterior region
of the esophagus to show the structure and the ordinary muscle
cell nuclei. x500.
Fig. 142. (90-1) Transverse section of the anterior portion
of the esophagus to show the structure and the presence of the
marginal muscle cell nuclei. x500.
Plate 18
Fig. 143. (140-1) Structure of the posterior portion of the
esophagus, showing the two excretory tissue nuclei and the lateral
excretory canals. x500.
Fig. 144. (91-1) Structure of the posterior portion of the
esophagus showing one of the large nuclei and the accessory tissue.
x500.
Fig. 145. (82-1) Transverse section thru the rounded area of
the rectum showing the large median cell of the rectal ganglia,
the anal ganglion, the ano-rectal
.
commissure , the latera. lines,
and a small portion of the anterior extremity of the musculus ani.
x500.
Fig. 146. (82-1) Next section anterior to Fig. 145. In par-
ticular, note the three rectal cells at one level and the anal
ganglion. x500.
Plate 19
Fig. 147. (120-1) Transverse section thru the musculus ani
and its nucleus. x500.
Fig. 148. (84-1) Cross section thru the upper third of the
intestinal muscle cells of a female. x315.
Figs. 149-151. (82-2) Cross section thru the intestinal
muscle cells progressing posteriorly. Note the development of the
ventral nerve and the processes to the mid-lines for the innervation
of the muscle cells. x500.
Plate 20
Fig. 152. (83-1) Sagittal section thur the posterior portion
of an adult female. Note the terminal spines, the three nuclei
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in the dorsal and ventral lines, the fibrous tube and nucleus and
the rectal cells. x400.
Pig. 153. (70-1) Sagittal section thru the posteri r tip of
the female. Note the following: the musculus ani and its nucleus,
the intestinal valve, the anus, the rectal lining and ventral
indentation and rectal , cells . x315.
Figs. 154-155. (81-1) Sagittal section thru the posterior
Hp of a female tail. Note as above. x315.
Plate 21
Fig. 156. (73-4) Transverse section thru the vulvar region.
Note the increased area of subcuticula and the valve; the structure
of the gut. x290.
Fig. 157. (21-2) As above. Note the sphincter. x290.
Fig. 158. (30-2) As above. Note the valve and sphincter. x290.
Fig. 159. (31-2) As above but of a young female. Note the
lateral lines, the ovijector and the lack of granules of pigment
in the gut cells. x500
.
Plate 22
Fig. 160. (67-2) Sagittal section thru the vulva to show
the places for muscular insertions. xl31.
Fig. 161. (67-2) As above. xl31.
Fig. 162. (67-2) As above. To show the sphincter lining
and its muscles, also the places on the cuticula for the insertion
of muscles. x290.
Fig. 163. (122-2) As above. Note that the lining is con-
tinuous with the cuticula. Note further the opening of the ves-
tibule .x290
.
Plate 23
Fig. 164. (129-2) Region of the oviduct, showing the two
layers of cells and the irregular outline. Note the egg cells
en voyage. x500.
Fig. 165. (127-1) Longitudinal section of the seminal recep-
ticle, with projections and spermatozoa around the eggs. x500.
Fig. 166. (129-2) Cross section of the gut and the seminal
recepticle. x500.
Fig. 167. (130-1) Longitudina. section thru the uterus and
its union with the oviduct. x315.
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Plate 24
Figs. 168-169. (95-1) Frontal section thru the posterior
end of a male, showing the rectal structures. Note the alae and
the ribs. The two nerve commissures are visible in Fig. 168. xl31.
Fig. 170. (118-1) Frontal section of the posterior end of
a male. Note the cloaca and the spicular canal, with spicula in
it. The lumbar ganglia are present in this section. x315.
Fig. 171. (104-1) As above, Note the two nerve commissures
and the cloaca ganglia, and the rectum. x315.
Fig. 172. (74-2) As above. Note the two commissures and
the rectal cells. x300.
Plate 25
Fig. 173. (99-4z) Sagittal section thru the posterior end of
a male, showing the intestinal valve, the rectal and subrectal
ganglia, spicula and rectal cells. x315
.
Fig. 174. (99-4z) As above. Note the para-anal papillae, the
spiculum, the lumbar ganglion and the rectal structures. x315.
Fig. 175. (98-4z) As above. The entrance of the gential and
alimentary canals into the cloaca. Note the cells of the anal
ganglion. x315.
Fig. 176. (146-3J As above. The anterior end of the right
spiculum with its attachments to the rectractor and extensor
muscles. Note the nucleus of the "sheath" , x315.
Plate 26
Fig. 177. (146-2) Transverse section thru a male, showing
the seminal vesicle filled with the genital products, note its
ventral position. x500.
Fig. 178. (146-2) As above but more postriorly. Showing the
retractor muscles free in the body and the position and structure
of the ductus ejaculatorius. x500
.
Fig. 179. (146-3) Longitudinal sectijn thru the valve be-
tween the seminal vesicle and the ductus e jaculatorius . Note
the germinal products in each region. x500.
Fig. 180. (118-1) Transverse section thru the retractor
muscles of the spicula at the level of their nuclei. x500.
Plate 27
Fig. 181. (96-1) Longitudinal section of the posterior por-
tion of a male to show the structure and arrangement of th caudal
muscles. x290.
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Fig. 182. (146-3) Transverse section of the posterior r gion
of a male showing the caudal musculature, the large ventral line
and the innervation of the posterior muscles, the lateral alae
,
and the ribs. Note the precipitated body fluid. x290.
Pig. 183. (116-1) Cross scetion thru the anus, note the
spiculum lying in the cloaca and the para-anal ribs. x500.
Fig. 184. (116-1) Oblique section of the tip of the male tail,
showing the cut ends of the postanal ribs and their arrangement in
two sets on each side. Note the lumbar ganglia and the cuticular
striations. x500.
Plate 28
Fig. 185. (85-1) Section thru the nerve ring. x411.
Fig. 186. (85-1) As above. x290.
Fig. 187. (85-1) Ventral commissures to the nerve ring. x290.
Fig. 188. (90-1) Cross section thru the nerve ring. x290.
Plate 29
Fig. 189. (85-1) Cross section below the nerve ring. Note
lateral and ventral cephalic ganglia and commissures to the nerve
ring. x411.
Fig. 190. (85-1) Section below Fig. 189, showing in addition
the dorsal cephalic ganglia. x290.
Fig. 191. (90-1) Transverse section showing the four prin-
cipal cephalic ganglia. x290.
Fig. 192. (140-1) As above. x290.
Plate 30
Fig. 193. (90-1) As in Fig. 192. x290.
Fig. 194. (85-1) Showing the post-ventral cephalic ganglion.
Note the innervation processes to the mid-lines from the somatic
muscles. x290.
Fig. 195. (97-1) Frontal section of the posterior end of
a male, showing the ano-rectal and the ano-sub-rectal commissures
and the lumbar ganglia. x315.
Fig. 196. (100-1) Transverse section thru the postanal region
of a female. Note the large lateral lines and the one muscle cell
in each quadrant. x500.
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His early education was obtained at Palmer Institute arid the
Sub-Freshman department of Emory University, Oxford, Georgia. He
attended Emory University (then Emory College) from 1909 to 1913,
receiving the last^/ear the Ph. B. degree.
He received the degree of M. Sc. from James Millikin University
in 1914. He attened the University of Illinois from 1914 to 1917
in the Graduate School and was registered in The Medical College
of that University from 1915-1916.
At Emory University he was an unofficial assistant in
Gymnasium and won the Sub-Freshman excellency scholarship and the
Reeves Chemistry Medal. At Millikin University he was a teaching
Fellow in Biology. In the University he was a Graduate Assistant
in ZGology from 1914 to 1916 and. a Fellow in Zoology from 1916
to 1917.
In the summer of 1914 he taught biology in the Illinois
State Normal University. The following summer he spent at the
Harpswell Liarine Biological Station and the sammer of 1916 he spent
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Fair port, Iowa.
He was elected to the Society of Sigma Xi, Illinois chapter
in 1916 and is a member of the American Association for the Ad-
vancement of Science and the American Ivlicroscopical Society.
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.
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Notes on some nematodes from fresh-water fishes. (With
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